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ABSTRACT 


A three-dimensional graphical energy partition model was 
developed relating protein and lipid retention in growing pigs (45 to 
75 kg) to dietary energy intake and environmental temperature. The 
model can be used to predict animal heat production at each feeding 
level, neutral environmental temperature at each feeding level and 
incremental energy conversion efficiency over a range of feeding 


levels and environmental temperatures. 


To validate the model predictions a feeding trial was undertaken 
to determine the effects of low temperature on rates of protein 
retention and weight gains in growing-finishing pigs (45 to 80 kg). 
Two groups of eight individually-caged pigs (female, Yorkshire cross) 
were exposed alternately for 15-day periods to 21° and 6°. 

Half the pigs in each group had ad Libitum access to the rations while 
the other half were restricted to 100 g/kg9-75 of feed intake per 

unit metabolic body weight. From regressions of liveweight versus 
time for the last 10 days of each period, low temperature (6° ) 

was found to reduce average daily gain by 2.3% per °C below the 

rate of 792 g/d measured at 21°C. From nitrogen balance data, 

protein retention rates were found to decrease by 1.2% per °C 

below the rate of 149 kJ/(d.kg9-/5) measured at 219°C. The 

ratio of protein gain to total weight gain was, on average, 25% larger 
at 69°C, compared to that measured at 219°C, indicating leaner 


growth at low temperature. 
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A comparison of the results of the feeding trial with the values 
predicted by the energy partition model indicate protein gain, protein 
gain/total weight gain, and average daily gain values obtained in the 
feeding trial were within 5% while estimated lipid deposition rates 


were within 21% of the model predicted values. 


While exposed to the lower temperature(6°C), the 
digestibility of ration dry matter, energy, and nitrogen(78.2%, 77.0%, 
74.7%) was significantly lower than when pigs were exposed to 21° 
(80.8%, 79.9%, 79.4%). Increasing body weight from 45 to 80 kg had no 
effect on digestibility. Although restriction of feed consistently 
resulted in higher digestibility values for dry matter, energy, and 
nitrogen, as compared to the ad Libitum fed pigs, feed level effect 


did not reach statistical significance. 


From bi-daily weighings, estimates of transitory body weight 
changes were obtained for restricted-fed pigs at each abrupt 
temperature changeover. With each temperature decrease( 21° to 
6°C), there was a temporary loss in body weight of 444%. However, 
with each temperature increase (6° to 21°C), body weight 
increased 440.8%. Estimated changes in weight of gutfill were derived 
from weight of feces collected during the five days after each 
temperature changeover for restricted-fed pigs. These values were 
highly correlated(r=0.92) with the transitory weight changes. 
Regression analysis indicated changes in gutfill could be responsible 


for about 55% of the observed weight changes. 
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SECTION A 


INTRODUCTION 


Over the past two decades, the relationship in growing hogs between 
level of feeding and their performance at low temperature has been 
intensively researched (Sorenson, 1961; Seymour et al, 1964; Holmes and 
Mount, 1967; Close et al, 1971; Close,1971; Fuller and Boyne, 1971, 1972; 
Verstegen et al, 1973; Verstegen and van der Hel, 1974; Gray and McCraken, 
1974; Mount, 1976; Close and Mount, 1976a, 1976b, 1976c; Verstegen et al, 
1977). Basically the problem is that growing hogs kept at low temperatures 
reduce their efficiency of feed conversion, viz. more feed is required per 
unit weight gain. Where restricted feeding is used, this is manifest in 
reduced weight gains; where pigs are fed ad Libitum, feed consumption 


increases considerably (Verstegen et al, 1977). 


Studies concerned with the effects of cold on animals usually refer 
to the concept of the zone of thermoneutrality (Mount, 1974): a range of 
temperature within which the rate of heat output of an animal of given 
(prescribed) age, size (weight), physiological state and level of feeding 
is unaffected by changes in ambient temperature. Whether or not heat 
output is strictly constant is less important than the fact that heat 
output is minimum relative to temperatures either above or below this 
zone. Therefore, in order to maximize productive work, animals should be 
maintained within this temperature range. The temperature that marks the 


lower bound of the zone of thermoneutrality is known as the lower critical 


| Riomdss aeui! woldivry oi qiaiotietoa wer stete cel oa3 
hese GO studs ee er ie Sf taps Sen Poe 
bres dint et Mbit 4 segeete (ee woe er a inl 
Stel tel Seen bie <0°503 cTictaeaals VSG. % 6 tite 8 r 
AC oly ee Me. seep ge ips Heiowp? Pare ‘delet 
Per do. agierysier (Papeete Us sary iH typ aes et ei» 
bangin tadingt at! & Jat! dpie Co hter Thor pr ay qitaote 
15 sal iret.«e: ae? wes ofl v™, 0C ernee p61 we 190709 ni 
wi saAvie 26 ste oO ee ee en — ley UBF 
npigewinp? beet oherdny hecgd') Sqr atc: aes eR iRy any 1 eal 
co Narent ee) co cea eahooe as “e 


ear Rae: baer Ch Te pt he tS Be sires = 


Seeger 6 «foe! doth? wire cri Sh cee ote te 
. 
nevew 30. hirini. be Wm) 245° 1947 Jo we ©t- es. cigite 


(Alor to “foyel ot> taht Teptdetuterey . | “ve 3? yon 
ee er eee eee ee ee P 
eas rade sgt tga “ae) =| sa riet wl rita ih gis 

net seta 9, vin": ees ee a 7 vi 

4 nine eters, ay Wihioi ait stg + at 


apt ‘Vip+ ° one 
a i pega - 
7 é a > 
ee oe 


temperature. Below this temperature the animal is obliged to use feed 
energy to elevate its rate of heat production so that its body heat 
content is consistent with the metabolic and physiological functions 
needed to sustain life. Consequently pigs housed at low temperature 


convert feed to body gains less efficiently. 


Besides the importance of feed conversion efficiency, producers are 
also encouraged economically to produce pigs with a minimum of excess 
carcass fat. In the United Kingdom, suggested rates for feeding growing 
pigs are based on optimizing feed conversion efficiency and carcass 
quality (A.R.C., 1967). Clearly then, as a decision-making aid in the 
evaluation of feed and shelter requirements for growing pigs, the concept 
of the zone of thermoneutrality may be of limited value since it takes no 
account of possible changes in composition of tissues in the growing pig 
exposed to low temperature. Therefore the following review of the 
literature is concerned with the fundamentals of energy utilization by 
growing animals and the concepts of thermoneutrality, paying particular 
attention to energy utilization by growing pigs and the effects of 


exposure to low temperature. 
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SECTION B 
REVIEW OF LITERATURE 


Energy Utilization 


"Energy studies are concerned with the determination of relative food 
values; with the influence of various environmental factors, methods of 
feeding, and combinations of nutrients upon food utilization; and with the 
efficiency of various animals as converters of food energy." (Maynard and 


Loosli, 1965). 


Although all matters quoted above influence production efficiency of 
growing pigs, this review gives particular consideration to the efficiency 
of pigs as converters of food energy and the influence of the thermal 


environment on energy losses from growing pigs. 


Not directly referred to in the above quote are the complex 
biochemical transformations common to all living organisms, collectively 
called intermediary metabolism. The stochiometry of these transformations 
is central to animal production efficiency and although practical feeding 
methods require little knowledge of intermediary metabolism some 
introduction to these concepts is desirable for the development of this 


thesis. 
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Intermediary Metabolism 


During combustion, fuel electrons at high energy level are 
transferred to oxygen at a lower energy level, resulting in the products 
water and carbon dioxide together with the release of energy in the form 
of heat. For example, burning one mole of glucose will yield 6 moles 
CO9,6 moles H90, and 2800 kJ of heat; burning a mole of palmitate 
will yield 12000 kJ of heat together with 16 moles CO and 16 moles 
Ho0. In animals, feeds are also oxidized; the eventual products of 
combustion (C09, H90) in the animal are precisely the same as if 
the metabolite were burned. However, the release of the chemical-bond 
energy in the animal is very carefully controlled through a great many 
distinct intermediate steps. Chemical-bond energy from metabolites (feed 
constituents absorbed into the body such as carbohydrates, amino acids, 
lipids) are chemically transformed via an energy currency unit such as 
Adenosine-Tri-Phosphate (ATP) for subsequent use in, for example, 
biosynthetic work and transport of ions. Large numbers of enzymes play an 


essential role in this controlled release of energy. 


Just as different types of fuel differ in their heats of combustion, 
various types of metabolites differ in their theoretical yield of high 
energy chemical bonds such as in ATP. Where carbohydrates and lipids are 
utilized by non-ruminants, about 85 kJ of metabolized nutrients are 
required per mole of ATP formed (Milligan, 1971). However, because of the 
need for deamination, ATP yield from protein may be 10 to 20% less. Energy 
harnessed in the terminal phosphate bond of ATP can be used to carry out 
chemical work in the body such as maintenance of vital physiological 


functions and production of new tissues. 
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Research has outlined the probable biochemical mechanisms for the 
Synthesis of new tissues from precursors derived from ingested feeds. 
Because of the importance of tissue production in growing animals, the 


term " nutritional efficiency " arises. Nutritional efficiency is the 


ratio of the total energy contained in newly produced tissues to the total 
energy input comprising the energy of the individual precursors and the 
energy linking them together. On this basis, the theoretical production 
efficiency of protein from individual amino acids would be about 89%, 
while the synthesis of palmitate from acetate precursors would be less 


efficient at about 71% (Milligan, 1971). 


Studies with whole animals however, have indicated actual nutritional 
efficiencies to be in the order of 10 to 20 % lower than might be expected 
from theoretical predictions. Additional energy costs not considered in 
predicted biosynthetic pathways such as transport of nutrients used in 
synthesis, amino acid modifications, protein turnover and maintenance of 


jon gradients, could account for this discrepancy (Milligan, 1971). 


Fortunately the assessment of the energy needs of animals does not 
require consideration of the intermediary energy transformations. The 
energy sum of the intermediary transformations is equivalent to the heat 
of combustion of the ingested fuel less the energy losses in the feces, 
urine, and combustible gases (Law of Hess). This difference, in growing 
animals, is apparent as heat energy and energy retained in the body and is 


referred to as metabolizable energy. 
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Obviously, energy retained is of more interest in animal production 
than is heat loss. However, the fate of heat energy incident to 
metabolism is of vital importance to homeotherms, including farm livestock 
and poultry. All or a portion of this heat loss is needed to maintain a 
relatively constant body heat content when the animal is exposed to 
various ambient temperatures. Indeed, in very cold regions, additional 
insulation must be provided to animals in the form of buildings. 

Knowledge of rates of heat production by animals is important to the sound 
design of such shelters. Therefore some of the basic principles of heat 


loss and animal thermal balance are discussed in the next section. 


Heat Loss and Animal Thermal Balance 


The necessity of controlling heat production (Q,,) and heat 
loss (Q¢) such that body temperature is confined within narrow limits 
is a matter of survival to homeotherms. Over time, the following balance 


must be preserved: 


Qn = Qt Slelelelelelalelers 1 


Often, however, before reaching the point where survival is in question, 
less severe environmental challeges can cause discomfort and diminish 
production. These sub-lethal stresses are not reflected in Equation 1, but 


may be of practical importance. 


Methods for the identification and definition of acute or chronic 
thermal stresses in livestock and poultry, have been sought by many 
researchers and have been discussed in reviews by Burton and Edholm, 1955; 
Blaxter, 1962; and Mount, 1968). Figure 1, taken from these references, 
schematically represents a section of an animal trunk and serves as a 
useful model for reviewing the principal avenues of heat loss from 


animals. 


Starting from the body core, nominally at temperature Tp, and 
following the outward transfer of heat to the environment, there is first 
a significant temperature gradient to the membrane surface (e.g. skin or 
respiratory tract tissue) at temperature T,- Under warm conditions, 
the blood may carry much of this body heat to very near the membrane 
surface, thus minimizing the resistance of body tissues to heat flow and 
accelerating heat losses by increasing skin temperature. Under cold 
conditions the blood flow to the membrane surface may be severely 
restricted (vasoconstriction) and heat loss is minimized since the outer 
tissues are able to provide resistance to heat flow. Heat transferred to 
the membrane surface will be a function of surface area (A) and 
temperature gradient between the core and the surface at temperature 


Ts; that is, 
Qt = A Hy (Tp- Ts) ee2ee0 2 


where the heat transfer coefficient, Hy, can be regarded as a variable 


which, to an extent, can be controlled by the animal. 
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Symbols: 


T, , ambient temperature Q,, total heat e air vapor pressure 


T,,, surrounding surface temperature Q, sensible heat vi air velocity 


Tos, Outer surface temperature Q,, latent heat 
Uey skin temperature 
Tp, body temperature 


convective heat 
radiative heat 


Incoming 


e Cc 
short-wave a 
radiation 
Q L 


Cut-away 
Section of 
Pig Body 


Figure 1. Schematic depicting the transfer of heat from the animal body to the 
surrounding environment. 


At all membrane surfaces such as the skin and respiratory tract 
tissue, there is usually some evaporation of moisture. This isothermal 
avenue for heat loss is related to the change in state of water and is 
referred to as latent heat loss (Q) ) to be distinguished from sensible 
heat loss (Q,) which requires temperature gradient. Taking an extreme 
case where ambient temperature would happen to be equal to body 
temperature, latent heat losses must account fully for all metabolic heat 
production if body temperature is to remain constant. In all cases the 


following balance must hold true: 
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Sensible Heat Loss. 


Reference to Figure 1 indicates a layer of hair providing insulation 
or resistance to heat transfer from the skin surface to the air. For some 
animals, such as the pig, little or no such insulation exists. However, 
where present, hair tends to entrap air through which heat must be 
conducted. The resistance to heat flow will be proportional to the 
temperature gradient from the skin surface to the hair outer surface at 


temperature To<>s that is, 
Qs = A Hh ( aS Ul e@oeee 4 
Again, within limits, the animal can control the heat transfer 


coefficient, H,, by bristling (piloerection) of the hair coat and 


increasing the volume of entrapped air or by behavioral changes. If given 
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10 
time for adaption, weight of hair coat can be increased substantially by 


new growth (Webster, 1969). 


Normally, sensible heat is transferred from the animal outer surface 
to the surrounding environment by radiation (Q,) and convection 
(Q.) in proportions determined by the air temperature, mean radiant 


temperature, and relative air movement such that: 


Qe) Mili J pteiteteiets o/s cles 0 


Both modes of heat transfer are complex and are governed by different 


laws. 


Where temperature differences exist between a surface and a fluid, 
heat is said to be transferred from the body to the fluid by convection. 
Actually heat is conducted across a thin boundary layer of stagnant fluid 
which adheres very closely to the surface. The thickness of this film, 
and therefore its insulation value, decreases as fluid movement against 
the surface increases. From theoretical development the convective heat 
transfer coefficient, H-., can be shown to vary directly in proportion 
to the velocity, V ,and inversely in proportion to the diameter,D, for 


cylindrical objects, as follows: 


Hcp ceconstantiaVaDacja)i. 0 


Values in the literature for the exponent "a" usually range between 0.4 


and 0.6. Therefore, He. Varies inversely with the diameter so that the 
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coefficient would be smaller for the main body as opposed to one of its 
limbs. Thus, the convective heat losses per unit area can be expressed in 
terms of He and the temperature gradient between the outer surface 


(Tos) and the air at temperature T,, as follows: 


QF Hollune = Vey) eaoce v 


By virtue of its absolute temperature (Ty in °K), a body 


emits heat as electromagnetic waves according to this relationship: 


Q = EPT,4 Drickateta ve lecetoner eee okt 
where E = emissivity 
P = Stefan - Boltzmam constant 


On the basis of the length of wave, a distinction is made between solar 
radiation (short-wave) from the sun, and infrared radiation (long-wave) 


from surroundings objects. 


Net radiative heat transferred illustrated in Figure 1 via 
long-waves, is the difference between that going out to and that coming in 


from the surrounding environment: 


Qr = EGulee ao ocay ives 2009 


where: Eg and Egg = emissivity of animal outer surface and 
surrounding surfaces: takes account of 
configuration of 2 surfaces, their relative 
size, and inclination with respect to each 
other. 
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Tgg = mean temperature of surrounding 


surfaces 


Sensible heat transfer from the model outer surface may now be expressed 


by substituting Equation 7 and 9 into Equation 5: 
OMe recs Mtl EP ce Seether Pie tme, Somee ea10 
This form of Equation 10 is inconvenient and is usually linearized. This 


approximation involves the substitution of Doeal cet Wligsuiics) 


and the use of the first two terms of the binomial expansion: 


ORwarH Uline PeteaEy local ligc-Tca) teP Toc (En — bccn) Gesell 


Usually Eg and Egg Can be assumed to equal 1 and the expression 


simplifies to: 


Under confinement conditions the temperature of the surrounding surfaces 
may often equal air temperature and the two coefficients can be added to 
give a combined heat transfer coefficient, H-,, such that the form of 


Equation 7 is maintained. Otherwise, Equation 12 indicates that as T.. 
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tends to deviate from T,, more weight must be given to the radiation 


heat loss component. 


Two factors mitigating the above sensible heat losses are changes in 
posture, which may effect exposed body area , and heat gain from incoming 
solar radiation. For standing animals conductive heat losses to the ground 
are small and are normally neglected. Under outdoor conditions, incident 
solar radiation may be substantial and should be added to metabolic heat 


production. 


Latent Heat Loss. 


As mentioned previously, evaporative heat loss is the major physical 
mechanism for heat dissipation at high ambient temperatures. Evaporative 
heat transfer principles are similar to those for sensible heat transfer 
except the driving force is the vapor pressure gradient between the 


membrane surface (e,) and the air (eq): 
Opes neh ecm es! eeeeeeceeoce 13 
The evaporative heat transfer coefficient (H) ) has properties similar 


to those already described for the convective heat transfer coefficient 
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It should be pointed out that the accurate determination of variables 
such as Hy, T,, and Tg, is in practice, very difficult. 
Temperatures, as they are symbolized here, would be averages of numerous 


measurements. 


Total Resistance to Heat Loss. 


Total heat transfer from an animal will depend partly on the 
magnitude of the individual heat transfer coefficients described above. 
Each resistance to heat flow contributes to the overall resistance value 
according to the very same principles used in summing electrical 
resistances. Sensible versus latent heat transfer or radient versus 
convective heat transfer are analogous to resistances in parallel; tissue 
resistance and hair coat resistance are analogous to electrical 
resistances in series. Overall H values can be checked in the calorimeter 


by measurement of Q¢, Tas Tp and A and solving for H. 


The above theoretical review of some basic heat transfer principles, 
indicates how heat loss is a function of vapor pressure and temperature 
gradients between the animal body and the environment. The magnitude of 
these gradients will depend on the rate of heat production by the animal 
and the environmental properties such as air temperature, air velocity, 
air relative humidity, and mean radient temperature. At what point then 


does a particular animal experience environment stress? 


The need to thermoregulate implies the existence of a sensory system 


with feedback control to various thermoregulatory mechanisms. Whether or 
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15 
not a particular environment is stressful can be determined only in vivo 
by appropriate measurement of physiological strain that indicates the 
degree of effort required to maintain thermal balance. Efforts have been 
made to combine the variables affecting heat balance into one parameter 
that reflects the net thermal impact of the environment. Where humans are 
concerned, the objective is to determine zones of comfort while such 
Studies on livestock are aimed at optimizing productivity. Examples of 
both systems are described below. They are quite similar in that both 
establish points of equivalent heat loss; however the approaches are quite 


different. 


Wind Chill Index. 


The Wind Chill Index (Siple and Passel,1945), developed by measuring 
the freezing time of water in a plastic cylinder, indicates the combined 
cooling effect of air movement and air temperature. This index describes 
convective heat losses, particularly the effects of variables V and 


Ta» as discussed previously in Equation 6 and 7: 


While there is no biological basis for supposing that the heat loss 
rates from a cylinder is analogous to those from animals, the predicted 
relative effects of air velocity and air temperature on heat loss are 
credible as they were measured mechanically. Although developed for humans 
exposed to sub-freezing temperatures, the system may be calibrated for any 
species and have been used for cattle (Petritz and Brokken,1974; 


Christenson and Milligan, 1974). 
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16 
Critical Temperature. 


The Wind Chill Index simply illustrates the development of a measure 
of environmental stress without the use of animals. More specific to the 
problem of optimizing pig productivity at low temperature is the critical 


temperature method, which is based on energy balance studies with pigs. 


Figure 2 depicts schematically the relationship between rate of heat 
production and environmental temperature as typically observed in 
calorimetric studies on 60 kg pigs fed twice maintenance (2 M) (Holmes and 
Close, 1977). The biphasic nature of heat loss rates in response to 
temperature change may be noted. The response of the sloping left hand 
portion of this curve is analogous to the expected heat loss from an 
inanimate object maintained at body temperature. When extrapolated to its 
downward limit at ambient temperature approximately equal to body 
temperature (dotted line), the thermostatic demand would vanish to zero. 
However, the actual “biological” heat loss line breaks horizontally at a 
point known as the lower critical temperature, corresponding to the 
minimum rate of heat production from metabolism. Heat loss within this 
zone of thermoneutrality is controlled, chiefly by evaporation of water as 


shown (dashed line). 


The heat loss rate at temperatures below the lower critical 
temperature is of particular interest. At this temperature, all physical 
means available for resisting heat loss have been utilized. Any reduction 


in temperature, below the critical temperature, must be accompanied by a 
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Heat Production, MJ per pig per day 


Total Heat Loss 


Lower 
Critical 
Temperature 


Sensible Heat Loss 


bs Zone of ~ 


Thermoneutrality 


Evaporative Heat Loss 


— 10 0 10 20 30 
Air Temperature, °C 
Figure 2. A diagrammatic representation showing the relation between air temperature 


and the components of heat loss in the pig, for a pig 60 kg liveweight with 
an ME intake of 2 X Maintenance(from Holmes and Ciose,1977). 
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proportionate increase in heat production if body temperature is to be 
maintained. This additional heat production is entirely sensible heat as 
may be noted in Figure 2; evaporative heat losses at temperatures below 
the critical temperature, are constant and reflect mainly respiration 
losses. Any additional heat production above the thermoneutral heat 
production must be at the expense of chemical energy ingested in the feed. 
Therefore, if pigs are fed a restricted amount of feed, the potential 
energy available for productive work will be diminished. However, if lower 
critical temperature can be estimated, addition feed allowance can be made 
to enable the animal to cope with the extra heat requirements at low 


temperature. 


A listing of estimated lower critical temperatures of pigs was 
devised by Verstegen and Curtis (1978). First consideration is given to 
factors affecting heat production level as determined from calorimetric 
experiments, energy intake, body weight, and group size (Table 1). These 
Critical temperatures listed in Table 1 are limited strictly to still-air, 
concrete floor conditions, where mean radiant temperature is equal to air 


temperature (i.e. calorimeter conditions). 


The next task is to delimit the information in Table 1 to permit 
estimation of lower critical temperature under the range of enviromental 
conditions found in practice. Temperature adjustment factors, based 
mainly on the work of Mount (1976), have been compilied by Verstegen and 
Curtis as shown in Table 2. These factors can be used to adjust the lower 


critical temperatures in Table 1 to suite a particular set of 
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TABLE 1. LOWER CRITICAL TEMPERATURES(°C) IN SINGLE PIGS AND GROUPS 
OF PIGS OF VARIOUS BODY WEIGHTS(kg) FED AT MAINTENANCE 
(M = 420 kJ/(d-kg:/2), TWICE M, AND THREE TIMES M(FROM 
VERSTEGEN AND CURTIS, 1978) . 


Kind of Animal Weight,kg Feeding Level 
M 2M 3M 
Baby pig(single) 2: 31 29 29 
(group) 2 2 24 24 
Growing pig(single) 20 26 21 ty, 
(group) 20 24 19 15 
Finishing pig(single) 60 24 20 16 
(group) 60 23 18 13 
Finishing pig(single)100 23 19 14 
(group) 100 22 7 12 
Sow(thin) 140 25 20 14 


(fat) 140 23 18 12 
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TABLE 2. CHANGE IN LOWER CRITICAL TEMPERATURE (°C) FROM CALORIMETER 
CONDITIONS FOR PIGS KEPT AT VARIOUS HOUSING,MANAGEMENT , 
AND CLIMATIC CONDITIONS(FROM VERSTEGEN AND CURTIS,1978) . 


Condition Specification 


Windspeed,m/s 

2 Individual pigs 
5 tt 

5 tt 

ho Group of 9 
Floor 


Concrete vs straw at 10SC 
Concrete vs straw at 30°C 
Straw Group of 9 
Concrete Slats Hs 
Wet surface te 


Draught 
draught insulation 
draught uninsulated(winter) 
no draught ininsulated(winter) 
no draught uninsulated with straw 


Radiant Temperature 


+ 1°C individual 
reflective group 
wall and Ceiling 


Weight 
(kg) 


piglet 
is 


Change in Lower 
Critical Temperature 
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environmental conditions. Having estimated the lower critical 
temperature, the necessary extra heat production required to maintain body 
temperature can be determined for any sub-lower critical temperature and 
extra feed allowed according to the rates shown in Table 3 (Verstegen and 


Curtis, 1978). 


Feed Energy Evaluation 


This section discusses some approaches to evaluation of feed energy 
and animal feed energy requirements. The basic goals in assigning energy 
values to feeds are twofold: on one hand to assess the relative ability of 
different feeds to furnish energy for body processes and tissues; on the 
other hand, to permit establishment of the energy requirements for given 
types of animal production processes (Maynard and Loosli, 1965). In 
addition to supplying sufficient energy for maintenance and synthetic 
work, the diet must supply reduced compounds such as amino acids and 
certain vitamins which are not oxidized. Such compounds as may be 
incorporated into new tissues, for example, constitute a significant part 


of the animals energy requirement. 


The underlying premise for the establishment of most feed energy 
systems is that any recognition of losses in metabolism in evaluating a 
particular feed is better than a purely physical statement of the feed 
weight or gross energy value (Maynard and Loosli, 1965). Intuitively, one 
might expect that the introduction of some "biological" factor in 


computing the feed energy value would be advantageous, in view of the many 
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TABLE 3. EXTRA HEAT REQUIRED PER °C COLDNESS BELOW THE LOWER CRITICAL 
TEMPERATURE ( kJ/(d-°C) AND EXTRA MEAL EQUIVALENT(g/(d.°C) TO 
COMPENSATE FOR THIS EXTRA HEAT. (MEAL ME = 12-13 kJ/g) (FROM 
VERSTEGEN AND CURTIS,1978). 


Kind of Animal Weight Extra Heat Meal Equivalent 
kg kJ/(d- °C) g /(d+°C) 
baby pig va h7 h 
growing pig 
-individual 20 163 14 
-group 20 160 13 
-individual 100 430 36 
-group 100 417 35 
sow (thin) 140 710 59 


sow (fat) 140 408 34 
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different species of livestock and poultry and the wide range of 
physiological states which depend, for example, on physical environment, 
maturity and reproductive status. Figure 3 illustrates the classical 
energy balance concept for an animal, starting with the heat of combustion 
in the consumed feed, less various energy losses from animals, such as 
heat, and finishing with the energy output in production. Several 
practical methods for measuring feed energy have evolved and each accounts 


for certain of the losses cited in Figure 3. 


Apparent Digestible Energy. 


One significant loss which corresponds to the consumption of all 
feeds, particularly roughages, is fecal energy loss. Apparent digestible 
energy (DE) of a feed represents the energy of the ingested feed less the 
energy of the corresponding fecal losses. DE values can be determined by 
bomb calorimetry. DE is used commonly in America (N.R.C, 1973) and the 
United Kingdom (A.R.C, 1967) as a basis for recommending energy intake 


requirements for pigs. 


Total Digestible Nutrients. 


Feed energy can also be expressed in terms of total digestible 
nutrients (TDN). TDN values, in kilograms, can be assigned to rations 
using average digestion coefficients for protein, fat, and carbohydrates, 
together with proximate analysis data for individual feed constituents. 


By this method of assessing energy value, protein and carbohydrate are 


n 7 


7 : 4 7 
“ s si sie isp ia 
~ 4 _ 
- - i. 


rie 
ce Hes m2 See at Acree ee 


ae 
we 
“y 


e al 
a7eZ 4 2 il JT Reel veh bal 
' my 1 
- : . 
mn Pe bad y, 
i 
a 
‘ 
: } 
“s 
—_ 7 4 , | Pay mt i" i Y 
_ ’ 
; =~ Pi 
_ senenrer aycteeps =e od ney ytneso We) -n1 
7 - : - 7 ag 
42 = 
* ts2evwinihn. + re, se at ‘ 1) yo Teng, -. eft ) i? Le BA 
. 1 : 


: 
7 i 


_ “agua ate DOL VIS wh ys ‘ry 8b” « etay 2T iy oo 
a ‘ : a! rr - 
: a Fen ’ ; 
= ..~ ie MO et ae ee ee a ad o> Ft == 


Heat increment 


Gaseous 
Fecal products of Heat of 
energy digestion fermentation(HF) 
Gross 
energy Urinar 
intake(GE) ae Heat of 
nutrient 
metabolism 
Apparent 
digestible 
energy (DE) 
Metabolizable 
energy (ME) 
Net energy 


Figure 3. Energy distribution in body processes(Maynard and Loosli,1965). 
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25 
given energetically equivalent weight while fat is increased by a factor 
of 2.25 to account for its higher energy value. In giving protein and 
carbohydrate equal weight, the TDN system inherently accounts for urine 


energy losses(Maynard and Loosli,1965). 


Metabolizable Energy. 


The use of metabolizable energy (ME) should be theoretically more 
precise than DE or TDN in evaluation of the energy content of particular 
feeds. In addition to accounting for fecal energy losses, ME also 
accounts for energy losses in the urine and combustible gases. Therefore, 
ME is a measure of the energy value of a feed in terms of its potential 


for metabolic work. 


In pigs, combustible gas losses are small (about 1% of gross energy 
intake, Verstegen et al, 1973) and normally are neglected. Also, for many 
common rations, urine energy losses seem to be fairly constant at about 5% 
of the gross energy intake. For these reasons, and because ME values have 
not been determined for many feeds, the DE system is used widely as a 
basis for recommending energy requirements of pigs. The ME system has 
been used with success in determination of feeding requirements for cattle 
however, mainly due to the higher losses of combustible gases in ruminants 
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Net Energy. 


The net energy (NE) system, which originated in Germany and has been 
adopted by many European countries, takes another major conceptual step in 
that feed energy is expressed in terms of the final product; 1 MJ of NE 
fed will produce an additional 1 MJ of tissue energy in a growing animal. 
Thus all the energy losses discussed in the previous feed energy systems, 


plus heat energy loss due to metabolism, are accounted for in this system. 


The NE system is based on experimental work which demonstrates the 
linearity between ME intake and energy retention (Nehring et al, 1960). 
Figure 4 depicts this very important finding which originated from studies 
with cattle. Any significant non-linearity would make necessary the 
scaling of feed energy values according to level of feeding, which would 


be a considerable inconvience. 


Having established this linearity between energy intake and energy 
retention, a series of feeding trials were undertaken, to compute 
regression coefficients for both pure nutrients and common feedstuffs. 
Multiple regression equations were developed for pigs, based on the ration 


proximate analysis as the independent variable, as follows : 


NE,kJ = 10.03X,+ 32.23X9+ 0.04X3+ 13.67Xq(+530kJ)..15 
where: X,= g, digestible crude protein; 
Xo= g, digestible crude fat; 
Ko -eQeecdigestipie.Crucdegtipre; 


Xq= g, digestible nitrogen free extract. 
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Figure 4. A schematic of the linear energy retention model used by 
Nehring et al (1960) for the development of the Net 
Energy feeding system. 
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A strong resemblance to the TDN system will be noted, with the main 
difference in the relatively lower net energy value given to protein than 


carbohydrate (10.03 vs 13.67). 


There are several points of interest arising from these discussions, 
not the least of which is the lack of accounting in any of the feed energy 
systems for effects of thermal environment. Prior to addressing this 
problem, however, attention should be given to the fundamental 
relationship between ME intake and energy retention by growing animals, 
specifically the linear energy retention model which was basic to the 
development of the NE system (Figure 4). Indeed, whether the efficiency 
of conversion of ME to product is a linear or non-linear function of ME 
intake, the concept of partitioning ME intake has important implications 
in ration formulation studies, as evidenced by the NE system. Moreover, 
such a model should be useful to farm building engineering studies, where 


empirical models predicting animal heat losses are very important. 


Energy Partition Models. 


While the actual mechanisms for the control of growth are not 
understood fully , empirical measures of growth, such as body weight or 
size, are obtained easily. Consequently, certain indicators of normal 
performance of feeding pigs have evolved. For example, growing pigs 


usually convert rations such as barley and soybean meal to meat at a ratio 
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29 
of about 3 to 1 by weight, while producers expect growing pigs fed ad 


Libitum, to reach market weight (about 90 kg) in about 160 days. Such a 


view of productivity in pig production, however, is incomplete. 


The development of the structural and functional elements in the 
growing pig are not reflected in an empirical measure such as body weight. 
Early stages of growth are marked by relatively rapid growth of bone and 
nervous tissue. At a later stage of development up until puberty, the 
emphasis is on muscle growth, while towards maturity, there is an 
increasing tendency to store fat only. Figure 5 (Fowler,1968), is a 
cumulative model indicating the typical course of these developments. 
Because there is an economic penalty to the pig producer for carcasses 
containing excessive fat, pigs generally are slaughtered shortly before 


puberty so as to achieve the optimum amount of lean tissue growth. 


In view of the importance of lean tissue growth, the prediction of 
protein and lipid retention rates (body carbohydrate content is smal] and 
normally is neglected (Maynard and Loosli, 1965)), for a particular energy 
intake would be desirable. Conceptually, this has been done in two ways. 
One view suggests that there is a maximum rate of protein retention for a 
particular animal at a particular age, regardless of energy intake. Any 
Surplus energy, beyond that required to meet the daily maximum protein 
deposition quota, is converted to fat (e.g. see Whittemore and Fawcett, 


VS76))% 


Another concept advanced by Black (1974) suggests that protein and 


lipid deposition rates are stochiometrically related, and hence an 
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Figure 5. Partition of metabolizable energy in the growing pig on unrestricted feeding. 
(From Fowler, 1968). 
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increase in feed energy input must be accompanied by a proportionate 
increase in protein and lipid deposition. Although the latter concept 
seems more compatible with the linear energy retention model shown in 
Figure 4, technically it is very difficult to prove or disprove 
principally because of the variability in measuring protein deposition 


rates in pigs. 


Fowler (1978) has proposed an energy partition model for pigs along 
the same lines as that developed for sheep by Black (1974) where energy 
intake has been partitioned into its various functions of maintenance, 
protein and lipid deposition (Figure 6). This model predicts the 
composition of gains at thermoneutrality and is important for several 
reasons. Firstly it has a conceptual value in relating various growth 
activities to energy intake; secondly it is of potential practical value 
for development of ration formulation methods for pigs, such as along the 
NE lines; thirdly it has potential practical value in the design of farm 
buildings where predictive models of heat output are useful. Certainly the 
influence of temperature on the composition of gains should be considered 


in light of this basic model. 


Effects of Low Temperature 


Numerous studies concerning the effects of low temperature on the 
composition of body gains in pigs, have been made but their results are 
inconclusive. Fuller and Boyne (1971, 1972) scaled up the level of feeding 
for each reduction in temperature (23°, 139, and 5°C) to 


achieve similar rates of gain and found carcasses of pigs grown at low 
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Figure 6 . Partition of metabolizable energy at different rates of daily intake for 
a pig of 60 kg liveweight, from Fowler(1978 ). 
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temperature contained a smaller proportion of protein and a higher 
proportion of fat. However by adjusting feed intake to a "common" rate, 
they concluded that reduced growth rate due to cold resulted in no change 


in body composition. 


Verstegen et al (1973) studied protein and lipid rentention and 
weight gains in groups of pigs fed at different levels at temperatures of 
89°C (39, 45 g feed/d. kg) and 20°C (45, 52 g feed/d.kg). 

Treatments had no effect on weight gains or protein deposition rates. 
However, at the 45 g feed level the 8°C pigs deposited 30% less fat 
than the 20°C pigs. They suggest a possible substitution of water for 
fat in tissue gains to account for the absence of any effect of 


temperature on weight gains. 


Close and Mount (1976) found that protein retention in pigs kept at 
10°C and fed three times maintenance (3M) was reduced by 12% and fat 
retention by 19% compared to rates measured in pigs kept at 20°C. At 
a feeding level of 2M, protein retention again was reduced by about 12% 
but fat retention was reduced by about 50%. At a feeding level of 4M, 
protein and fat retention rates were unaffected by the low temperature of 


10°¢ ° 


Gray and McCraken (1974) found that a change in temperature from 
229 to 15°C caused a reduction in protein deposition rates in pigs 


of 9% compared to a fat deposition rate reduction of 30%. 
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Although the results of the above studies suggest that fat deposition 
rates may respond more to changes in temperature than do protein 
deposition rates, the result are highly variable indicating that level of 
feeding is clearly a major complicating factor. Having seen a model 
(Fowler,1978) which predicts the effect of feed energy intake on the 
composition of body gains in+the growing pig kept at thermoneutral 
temperatures a question that now must be asked is how can this model be 
extended to predict the composition of body gains in pigs kept at low 


temperatures? 
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SECTIONS C 


Thesis Objectives 


To extend Black and Fowler's energy partition models relating protein 
and lipid deposition rates in the growing pig to energy intake level to 


include the influence of ambient temperature. 


To validate the extended model through comparison with currently 
available information as well as against the result of a feeding 
trial designed specifically to test the protein deposition aspect of the 


model. 


Modelling Rationale 


Models are used widely in agriculture. The following relationship may 


be regarded as a simple example: 


See KGEPCCO —eeolemeK QGP 1G) cise ccc crater LO 


This model is used daily by hog growers. The fact that it is not 
absolutely precise does not undermine its usefulness; indeed, to burden 
this equation with various correction factors would serve no purpose. In 
this example, minor refinements can and should be left to the discretion 


of the user. 


Beyond the important need for simplicity and flexibility in any 


model ,the exact format also must be considered carefully. Should the model 
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36 
be mathematical, physical, graphical, or some other form? The answer to 
this question will depend on the nature of the problem as well as on the 


known preferences of other workers in the field. 


Finally, the completed model should be validated. This can be done 


experimentally and/or through comparison with currently available 


information. 


Thesis Format 


For the information contained in the remainder of this thesis to be 
readily accessible, the contents are divided into several sections. A 


brief explanation of format, therefore, is included at this point. 


Following this Section C, containing the statement of objectives, the 
thesis material is separated into three sections, each distinct and in a 
format one would expect of a scientific publication. Each section 
contains its own introduction and review, results, and discussion. The 
sections appear as follows and correspond to the technical papers noted in 


parentheses. 


Section D: development of an energy partition model relating protein 
and lipid gains in growing pigs to energy intake and ambient temperature 


(Phillips and MacHardy, 1979). 


Section E: a feeding trial conducted to test the protein deposition 


aspect of the model (Phillips et al, 1979). 
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Section F: additional findings from the feeding trial pertaining to 
digestibility of nutrients and temporary weight changes not reflected in 


the model (Phillips et al, 1979). 
Section G: concluding statements on the main findings of the thesis. 


Notes included in all sections refer to the location of appended 
information desirable for inclusion in a thesis but not appropriate for 
scientific journal publication. Following the Bibliography, appendix 
material is provided in three sections: A. Experimental Procedures; B. 


Raw data from the animal experiment; C. Analysis of variance tables. 
Units of Measure 


All data are reported in SI units. Energy is expressed in Joules. 
Feed and hog scales were calibrated in pounds but data were converted to 
kilograms (kg) at the close of the experiment. Temperature was recorded 


in degrees Farenheit but converted to degrees Celcius (°C). 


Protein has been assumed to have a heat of combustion of 23.5 kJ/g 
and fat to have a heat of combustion of 39 kJ/g (Whittemore and Elsley, 
1976). 


The concept of metabolic body size (e.g. body weight to the exponent 
0.75, Kleiber, 1961) is used commonly as a basis for comparing adult 
animals of different species and size. Although unclear whether this 


exponent is an appropriate adjustment for younger animals such as the 
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growing pig, this concept has been used by other researchers (Fuller and 
Boyne, 1971, 1972; Close and Mount, 1976; Verstegen et al, 1973) to 
express rates of energy and protein retention. In this thesis, therefore, 
rates of retention of energy, protein, and lipid, have been expressed per 


kilogram of body weight to the 0.75 exponent. 
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SECTION D 


A MODEL 


Introduction 


In the sciences of nutrition and meat production, growth can be 
measured conveniently in terms of the accumulation of energy. In animals, 
this energy is predominantly in protein and lipid. Although there are many 
dimensions to growth, the relationship between energy retained as protein 
and fat (fat is about 85% lipid) is of major importance in the formulaticn 
of rations. Therefore, empirical models describing energy retention versus 


energy intake are the basis of ration formulation. 


Blaxter (1962) has reviewed the classical linear energy balance 
models used for predicting energy retention. Kielanowski (1965) used 
linear statistical methods to partition heat output arising from growing 
animals into the energy oxidized for maintenance, protein deposition, and 
lipid deposition. More recently, Black (1974) and Fowler (1978) have 
developed models in which energy intake has been partitioned into protein, 
lipid, and heat energy. The model for pigs shown in Figure 6 predicts the 
response of protein and fat deposition rates to increasing metabolizable 


energy intake (Fowler, 1978). 


Studies with sheep (Graham et al, 1959) and pigs (Close and Mount, 
1970) have shown that, with exposure to lower temperatures, animals that 


were in the zone of thermoneutrality, where body heat production rate is 
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dependent on level of feeding, must increase heat production rate in order 
to maintain body temperature. At the lower limit of the thermoneutral 
range, called the lower critical temperature (see Figure 2), ME which 
might have been used for the production of new tissues is diverted instead 
into increased heat output, thus resulting in reduced growth (Holmes and 


Close, 1977). 


The above findings are useful but give no indication of the effects 
of low temperature on the composition of body gains in growing pigs. This 
section is concerned with the extension of the presently available Fowler 
model to predict rates of protein and lipid retention and heat loss from 


growing pigs exposed to low environmental temperatures. 
Development of Low Temperature Model 


Starting with the basic Fowler model as shown in Figure 7, the 
changes in intake energy utilization induced by lowering the environmental 


temperature are shown in Figures 8, 9, and 10. 


The biochemical reactions associated with the maintenance state 
result in heat production. This heat is utilized by the pig to maintain 
body temperature through the environmental temperature range usually 
referred to as ‘the zone of thermoneutrality'. The lower temperature 
limit of this zone for a hog at maintenance feed intake is plotted as 
To in Figure 7, while Ey indicates the maintenance metabolizable 


energy intake. Any intake energy increment above Em, at 
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Figure 7. Energy partition diagram showing the lower 
environmental temperature limit of the zone of 
thermoneutrality(To0)at maintenance feeding level,Em. 
Figure 8. Energy partition diagram indicating the production 
envelope for new tissues(protein and lipid) when feeding is 
increased above the maintenance level at, or above environmental 
temperature To. Note 30% of the feed energy above maintenance 
appears as the heat of production which must be dissipated from 
the animal! bedy. 
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Figure 9. At T lower than To, the sensible heat increment 

OH , above the sensible heat of maintenance, is required to 

maintain body temperature. E, is the lowest feeding level that 

idly dias sufficient sensible heat from production to maintain 

ody temperature at ambient temperature T. Ec is the critical 

feeding level. Between Ec and E; there is a 1:1 substitution 

of the sensible heat of production for the thermostatic heat 

increment. : 
Figure 10. Above the critical feeding level Ec, new tissue 
produced is 25% protein and 75% lipid. 
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temperatures at or above Tp, results in the deposition of protein and 
lipid, and the additional sensible heat increment released by the 
biochemical reactions associated with this production. The marginal 
efficiency of energy retention is 70%, as illustrated in Figure 8, where 
approximately 70% of the incremental energy intake above E, appears as 
production (protein and lipid) and 30% as heat. At environmental 
temperatures above T,, the heat increment would be dissipated to the 
surroundings. By corollory, this heat increment can be used to offset body 
heat losses, enabling the pig to maintain normal body temperatures at 
environmental temperatures below T,)- This is assuming the heat 

increment at temperatures below T,, is lost entirely as sensible heat 


as was indicated in Figure 2. 


In order to maintain body temperature at ambient temperature T, lower 
than Ty, the maintenance heat output (E,) must be increased by an 
amount AH, as shown in Figure 9. The intake energy level E; jis of 
particular significance, since it represents the lowest energy intake that 
will provide AH totally from the sensible heat associated with 
production. At energy intake level E;-, no production takes place and 
the increment AH must be made up entirely by the pig directly converting 
intake energy to sensible heat. This reaction should take place with a 
heat conversion efficiency of 100%, and is referred to in Figure 9 as the 
thermostatic heat increment. At energy intake levels between E;. and 
E,, a portion of AH is made up by the sensible heat associated with 
production, with the remainder provided by the direct conversion of energy 


intake. 
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The shape of the production envelope in Figure 9 should be compared 
to that in Figure 8. At energy intake levels above Bre tnere ts no 
difference, i.e. the efficiencies of intake energy utilization are the 
same. Below E; the envelope in Figure 9 is sharply modified. In 
particular, decrements in energy intake result in decrements in production 
at a ratio of 1:1. In other words, reducing energy intake below —) 


results in sharp reduction in production. 


The energy retained, as shown in Figure 8 and 9, can be partitioned 
into 25% protein and 75% lipid based on the measurements by Close and 
Mount (1976°) as shown in Table 4. Close and Mount's data suggest the 
proportion of protein to lipid may increase slightly above these values at 
low energy intake, but quantitatively, the lipid protein ratio will be of 
less importance. Figure 10 is a modification of Figure 9 to illustrate the 
partitioning of energy retained over a range of energy intakes at 
temperature T lower than Tp. Figure 10 predicts the results 
illustrated in Table 4, that the proportion of protein to total energy 


retained is consistent over a range of temperatures. 


Clearly, with the addition of calibrated coordinates, Figure 9 and 10 
could be used directly as models to relate environmental temperature, 


energy intake, and energy retained. 


Using the results of Close and Mount (1976) for thermoneutral 
maintenance heat production (420 kJ/d.kg2-/5), latent heat production 
(200 kJ/d.kg9-/9) and marginal efficiency of energy retention(0.7), 
numbers may be assigned to the energy scales, sensible heat production 


(Q.) can be computed, and Tyg May be computed as follows: 
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TABLE 4. RATIOS OF PROTEIN ENERGY RETAINED TO TOTAL ENERGY 
RETAINED AT VARIOUS TEMPERATURES AND ME LEVELS AS 
MEASURED IN GROWING PIGS(FROM CLOSE AND MOUNT,1976). 
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Taking the insulative value (I) of a pigs surface layer as 0.003 
m¢d°C/kJ (Fuller and Boyne, 1972), body weight(W) 45 kg, body 
temperature(T) ) 39°C, and body surface area, A (m2) = 0.0754, 


W9-656 (Kelley et al, 1973), and Substituting in Equation 18: 


oe -bo0e - (0.003 m@d°C/kJ) (220 kd/d.kg®+75) (45 a Zone oCee 18 
0.0754 wO.656 


Since Tg values for pigs of 60 and 75 kg can be shown to be 


approximately the same, 26°C may be used in a model covering pigs of 


this weight range. 


Starting from Tg at 26°C, the temperature scale can be 
calibrated by selecting a temperature below Ty and calculating the 
incremental sensible heat loss from the pig between 26°C and the 
selected temperature (e.g.about 275 kJ/(d.kg2-75) at 109C). This 
heat loss increment is added to E, On the intake energy scale, and the 
intercept with the 45° line can be picked off and labelled as the 
selected temperature. Noting that the heat loss increments are directly 
proportional to the temperature differential between the selected 


temperature and 26°C, a temperature scale may now be plotted. 
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Figure 11 was constructed using these calculations as a general model 
relating environmental temperature, energy intake, and energy retention 
for pigs weighing from 45 to 75 kg. (In the interest of amplifying the 
scale, energy levels below maintenance have been omitted.) To permit 
general use of Figure 11, for any temperatures shown, an overlay, 
partitioning energy retained into 25% protein and 75% lipid has been 
included in the rear cover of this thesis. A sample problem illustrating 


the use of Figure 11 and the overlay has been provided in Appendix Al. 


This model indicates that low temperature increases heat output. 
Therefore, to maintain thermoneutral protein and lipid retention rates at 
low temperature , energy intake must be increased. This could be 
accomplished in practice by increasing the energy to protein ratio of the 


existing feed. 


Validating the Model 


Most of the literature on low temperature effects refers to the 
influence of temperature on the efficiency of feed utilization. 
Recognizing that feeding efficiency can be readily calculated from the 
model at any temperature and feeding level, a comparison of predictive 
results from the model with recorded experimental results becomes a 


straightforward matter. 


The locus of points E, and E; from Figure 10, for ambient 


temperatures 26°C down to 59°C, are shown as two straight lines in 
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Figure 11. The above diagram can be used with acetate overlay(rear cover) to predict lipid and protein 
retention in growing pigs(45 to 75 kg) over the range of temperatures shown. 
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Figure 12. Marginal efficiencies of energy retention as predicted by the model 
and as computed from several sources in the literature. 
(Zone 1 predicted 100 %; Zone 2 predicted 70 %.) 


48 


= 
oe Re 
, 
1 
i 
| 
. 


% iar es Coe 
7 in 4 ‘ ra ™, 
; ie 4 rhs Ou, . 
| ’ } - War 
‘; | t : 
: ' : I é a ly -. 
o > & - —— a — a + + ~ 
a ae 3D a { ; + / 
: } 7 . “ , hat 
Md { as i») 
4 | } ‘ 7 4 ba 
f 4 ak 
| H i a 
ru . ie” 
{~— os i 
_ ¥ y ) a 
: U == f | 
a oo 
= = 
a ss 
a 
ia" _ 
a . 
_ “ got. 
a8 Set, Pa a Py 
a Danae - trii aff 
ya ite 7 
_ ; 
= 


.. ae : a SESS * = 
eC SE os (OD eee ele 
es 7 on ome Santana 


_ eee mr 7 
ef x ‘ieee Saas Peele er hee —< 


49 

Figure 12. Recalling from earlier discussions that increments in ME 
intake between E, and £, are retained as energy in the body at a 

ratio of 1:1, predicted marginal efficiency of energy retention between 
the E, and E; lines should be 100%. Reference to Figure 10 also 

Will establish that ME increments in the region above line E, in 

Figure 12 are retained in the body with an efficiency of 70%. Pigs are 
normally maintained in this zone and are producing heat beyond their 


thermostatic requirement. 


Superimposed on Figure 12 are marginal efficiencies of energy 
retention from three studies reported in the literature (Fuller and 
Boyne,1971,1972; Close and Mount, 1976: Verstegen et al,1973), for pigs at 
various temperatures, computed over the increments in ME levels used (see 
sample calculation in Appendix A2). Temperatures shown in Figure 12 are 
as quoted from each source and no attempt has been made to correct for 
varying conditions such as air movement and floor conditions (i.e. 
effective temperature). For example, air movement levels were above 
normal confinement values (about 25 cm/s;Hahn,1976) in the experiment of 
Fuller and Boyne (1971, 1972), and probably temperature could be scaled 
down from 239, 13°, and 5°C to about 20°, 10°, and 


1°, to represent effective temperature at 25 cm/s air movement. 


The marginal efficiency zones predicted from Figure 11 compared quite 
well with the reported marginal efficiency values shown in Figure 12. 


Therefore, the model warranted testing in a practical feeding trial. 
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SECT LONTE 


FEEDING TRIAL: PROTEIN DEPOSITION, WEIGHT GAINS 


Introduction 


The current economic structure of the pork industry emphasizes the 
production of lean pigs. In addition, the conversion of feed energy, in 
excess of maintenance requirements into fat, represents an energetic cost 
per unit gain over three times that for lean tissue weight gain 
(Whittemore and Elsley, 1976). Therefore, methods of ration formulation 


and feeding which can achieve leaner growth are desirable. 


Linear models partitioning energy intake into protein and lipid 
energy have been developed for sheep (Black, 1974) and pigs (Fowler, 
1978). The previous section extended the Fowler model for pigs to include 
the effects of low temperature. While the energy retention properties of 
the model compared quite well with the results of several reported 
experiments by other researchers, the partitioning of energy retained by 
fixed proportions into protein and lipid was based on one study by Close 
and Mount (1976). Since not all studies have reported reduced protein 
retention rates in pigs exposed to low temperatures (Verstegen et al, 
1973), a feeding trial was undertaken to test the protein deposition 


aspect of the model. 


Experiments to determine the influence of low temperature and feeding 


level on swine performance have been designed several ways. Perhaps the 
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51 
Simplest is to expose a given group of pigs to only one plane of nutrition 
and one temperature regime in a given experiment (e.g. Verstegen et al, 
1973). In other designs researchers have exposed pigs to one temperature 
regime but have changed the plane of nutrition during the study period 
(e.g. Close et al, 1971). Still other designs have exposed pigs to a 
constant plane of nutrition but with consecutive temperatures in a given 
experiment (e.g. Holmes and Mount,1967). Although the best approach is not 
clear, the latter study (Holmes and Mount,1967) contains a forthright 
statement regarding the limitations of the consecutive temperature 


design: 


"In Experiments 1 and 5 the rate of gain immediately 
following the change from 20 to 9 C was less than that occurring 
before and after (see Figure 4). Within the time limits of the 
experiment it is doubtful whether steady rates had become 
established following the change of environmental 
conditions,....A comparison of gain rates at the different 


ambient temperatures is therefore not meaningful." 


This admission appears serious and later researchers were quick to point 
out the shortcomings of this design (Verstegen et al,1973). However a 
close examination of Figure 4 in Holmes and Mount(1967), suggests that the 
design used did indeed establish steady rates of gain but not until about 


5 days after the temperature change. 
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Since Holmes and Mount (1967) did not measure protein retention 
rates, the adaption of their consecutive temperature design to test the 
protein deposition aspects of the model was considered worthwhile. This 
afforded the opportunity of probing one step further, that is, to 
quantitatively distinguish between the chronic effects of low temperature 
and the acute effects induced by temperature change. Such additional 
information would be valuable and worthwhile as a secondary objective to a 


feeding trial. 


Protein retention rates are measured during feeding trials on pigs, 
by either the slaughter technique or the nitrogen balance method. Some 
experiments have used both methods (Fuller and Boyne, 1971, 1972; Nielson, 
1970). The slaughter technique is the more accurate of the two methods 
and is particularly useful when the entire growth of the animal is to be 
considered as one study period. However, the number of animals required 
when using this method could become prohibitive where numerous consecutive 
short study periods are desired. Fuller and Boyne have shown that 
although the nitrogen balance method tends to overestimate protein 
deposition rates compared to the slaughter technique, results are quite 
satisfactory where response to treatments is of interest. Therefore, the 
nitrogen balance technique was used to estimate protein deposition rates 


for pigs exposed consecutively to two temperature regimes. 
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Methods 


Experimental Design. 


A double reversal designed experiment with four periods (three 
Changeovers) was used to determine the effectsof low temperature on rates 
of protein deposition and weight gains in growing-finishing pigs (45-80 kg 
body weight). Two groups of eight individually-caged pigs (female, 
Yorkshire X) were exposed alternately for 15-day periods to 6°C (Room 
1) and 21°C (Room 2) as shown in Table 5. The last 10 days within 
each period (divided into two equal subperiods), were measured to obtain 
the steady-state or chronic response of growth to energy intake and 
temperature. Results of the acute effects of the three abrupt temperature 
changeovers on body weight, assumed to be included within the first five 


days of each period (Subperiod 1), have been reported in the next chapter. 


Animals 


Sixteen Yorkshire X gilts were obtained from the University of 
Alberta Swine Research Unit. The pigs varied in weight between 25 and 40 
kg on the day of delivery (May 23/78) to the experimental facilities at 
the Department of Agricultural Engineering, Ellerslie Research Station. 
The pigs were divided randomly into two groups and the mean weights of 
each group were computed to ensure they were similar (Group 1, 31.9 kg; 
Group 2, 31.0 kg). Group 1 pigs were numbered 11 to 18 and were placed in 
Room 1; Group 2 pigs were numbered 21 to 28 and were placed in Room 2. 


Feeding treatments were imposed immediately with Pigs 11 to 14 and 21 to 
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TABLE 5. EXPERIMENTAL DESIGN SHOWING THE ORDER IN WHICH GROUP 1 
AND 2 PIGS WERE EXPOSED TO TEMPERATURE TREATMENTS. 


Group 1 Group 2 
Restricted Ad Libitum Restricted Ad Libitum 
Period (Pigs #11-14) (Pigs #15-18) (Pigs #21-24) (Pigs #25-28) 
1 baci ce 
2 Dee 6°C 
3 6°C pete 
h 21°C ae 
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Room 1 temperature 6°c 
** Room 2 temperature 21°C 
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24 receiving restricted amounts of feed, as detailed below, and Pigs 15 to 
18 and 25 to 28 had ad Libitum access to feed. Both rooms were maintained 
at 21+2°C (ambient temperatures) for the first 23 days, until June 15, 
while the pigs adjusted to the experimental routine. During this time, 
referred to as the "Preliminary Adjustment Program", the pigs became 
accustomed to the procedure of being moved from one room to the other. 

The experimental program was commenced at 16:00 h on June 15, and ended 
exactly 60 days later at 16:00 h, August 14. Group 1 started the 
experimental program in Room 1(cold) and finished in Room 2(warm). Groups 
were changed to the opposite rooms at the end of each period, that is, on 


June 30, July 15, and July 30, at 16:00 h. 


Individual rectangular cages (1.52 X 0.42 m) with expanded metal 
walls, placed directly on sloping (3% to the rear of the pigs) floors, 
were used to house pigs in both rooms (Figure 13). Sixteen cages were 
placed in each room allowing a vacant cage between each pig. Incandescent 


lighting was provided 24 h/d. 


Feeding 


From the time of arrival at the experimental facility, pigs were fed 
increasing amounts of feed, adjusted every other day, according to their 
metabolic body weight ( W9-/5, Kleiber, 1961). Half the pigs in each 
group were offered pelleted ration ad Libitum, while the other half were 
restricted to 100 g of feed (as fed basis) per day per unit metabolic body 
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flush on concrete 
Individual cages for pigs(dimensions in metres). 


Figure 13. 
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Daily feed, Restricted Pigs = (100 g) ( W9-75 (kg)) ..19 


Feeding tables for restricted-fed pigs are listed in Appendix A3. Feed was 
offered at 05:00 and 16:00 h each day. Spilled feed was returned to the 
feed bowl and feed not eaten at the end of each subperiod was weighed, and 


the amount deducted from that given during the subperiod. 


Ration formulations, based mainly on barley and soybean meal, are 
shown in Table 6. Daily feed aliquots were composited for each subperiod, 
ground, and analysed for dry matter,total nitrogen, and total heat of 
combustion. Pigs were changed from Growing to Finishing ration at 55 kg 


body weight as normally done under commercial conditions. 


Water was provided ad Libitum in individual water bowls. 


Collection of Feces and Urine 


During the preliminary adjustment program, fecal matter in and about 
the cages was scraped up daily; pens were not washed down. Therefore, a 
small residual of fecal matter accumulated in cracks and corners of the 
cages. In order that this residuel of feces remain at a constant level, 
cages were scraped clean in the usual manner only at the commencement of 


the experimental program. 
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TABLE 6. RATION FORMULATION. 


Growing Phase Finishing Phase 

Constituent (pilgss 5255 e8k9) _ tptgs 55-85 kg) 
Barley 500 845 
Wheat Bil 0 
Soybean Meal 150 120 
Salt 5 5 
Calcium! Phosphate 10 10 
Calcium Carbonate 10 10 
Vitamin-Mineral Premix 10 10 


Total 1000 1000 
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Cages usually were inspected each hour between the hours 05:00 and 
23:00 each day and feces from each pig were removed from the cage floor 
and stored in plastic pails. Most of the pigs kept their pens very clean 
but a few animals were messy and would lie or sit in the feces. A short 
test was conducted in which 453 g of wet feces from a messy pig was 
collected shortly after defecation, and weighed. The sample was then 
returned to the floor under the pig. At the end of 30 minutes the pig had 
walked, sat and lain in the feces sample. The floor was then scraped up 
and the sample reweighed at 435 g (4% loss). The actual loss of feces 
during any one period should not exceed this since such losses do not 


accumulate. 


At the end of each five-day subperiod, the accumulated feces from 
each pig were weighed, mixed, and a fraction (usually 25% by weight) was 
dried (60°C for 24 h), ground, and analysed for total nitrogen, dry 
matter, and total combustible energy (TCE). See below for analytical 


procedures. 


Bladder catheters (Bardco, Foley type) were implanted in all pigs 
(catheter implantation procedure described in Appendix A4) to transfer 
urine via 2 m (10 mm I1.D.) flexible tubing to collecting bottles 
containing sufficient HCl (100 to 200 ml of 0.1 N) to maintain urine pH 
below 5. Composite subperiod samples for each pig (10% aliquots) were 


retained (stored at 59C) and analysed for total nitrogen. 
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Liveweight Measurement and Changeovers. 


Pigs were weighed individually every other day, to the nearest 250 g, 
on hog scales located in each room. Catheter transfer tubes were coiled 
and tied to the tail of each pig (catheter assembly weight about 250 g). 
Any fecal droppings passed during weighing were returned to the 
appropriate pail. After weighing tubes were uncoiled and returned to the 


collection vessels with no loss of urine. 


Occasionally, the weighing could not be made, however, the bi-daily 
schedule of feed adjustment was maintained by linear extrapolation of the 
weight records for each pig. This procedure also was used on the 
fourteenth day of each period since the pigs were weighed out on day 15 at 


the changeover. 


During changeovers, at 16:00 h on day 15 of each period, pigs in Room 
1 were moved to Room 2 and vice-versa. Catheter assemblies were coiled as 
explained above and pigs were moved individually between rooms (about 75 


m) in a small wagon. This operation was completed in about 45 min. 


Analytical Methods 


Total nitrogen of feed, feces and urine was determined using the 
official "Improved Kjeldahl Method" as per Section 2.049, AOAC (1975). 
Crude protein was calculated as Total Nitrogen multiplied by 6.25 as per 


Section 2.016, AOAC (1975). 
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61 
One gram samples of feed and feces for dry matter determination were 


ground and dried to constant weight at 110°C (about 4 hours). 


Total combustible energy content of 1 g samples of feed and feces was 
determined using a Parr Adiabatic Bomb Calorimeter (Parr Instrument Co., 


Molinesesl i). UsS.Aa) 
Measurement of Protein Retention 
The nitrogen balance technique was used to estimate protein 
deposition rates for each pig during each subperiod (5 days) as expressed 
in the following equation: 
Protein Retention = 6.25( N Feed - N Feces - N Urine ).... 20 
Nitrogen balance measurements were each five-day subperiod. 


Energy Intake 


Metabolizable energy intake(ME) was computed for each subperiod as 
follows: 


Vee ee tCe reed =" (Ge Feces s-s ICE Uriness. .ccee. CL 


Urine energy was calculated by assuming that 45 kJ was lost with each gram 
of urine nitrogen (Whittemore and Elsley, 1976). No allowance was made 


for combustible gases. 
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Physical Environment 


Average subperiod temperatures and relative humidities were computed 
from recording hygro-thermographs (Belfort Instr. Co.) placed in a vacant 
cage, 30 cm above the floor in each room. Instruments were calibrated 
with a mercury thermometer. Values at 06:00, 12:00, 18:00, and 24:00 h 
each day of the subperiod were used in calculating subperiod mean 


temperature and relative humidity (i.e. 20 readings). 


Air speeds within the zone of occupancy were measured by a hand-held 


anemometer that uses a hot-wire probe (Sierra Instruments,California). 


Statistical Analysis 


The statistical model used to analyse the variation in measurements 
is shown in Table 7. Period X Group variation was used to determine the 


significance of temperature treatments. 


Analysis of variance and treatment means were calculated using 
Agriculture Canada Statistical Library Programs S022 and S199, 


respectively. Missing data were handled using the covariance method. 
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TABLE 7. STATISTICAL MODEL USED TO ANALYSE TREATMENT EFFECTS. 


Source Degrees of Freedom 


Groups (G) 1 
Feed(F) 1 
Groups x Feed 1 
Hogs/Groups x Feed 12 


ween ew ee eM wwe ew MP ww ew mw ew eB ww ew eee ew BO ew ew OO MO OB Ow eB ee ew ew eB ew we we ew ee oe 


Periods (P) 3 
Periods x Groups (Temperature) 3 
Periods x Feed 5} 
Periods x Groups x Feed 3 
Periods x Hogs/Groups x Feed 36 


a, degrees of freedom for Periods. 
b, degrees of freedom for Changeovers. 
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Results 


Climatic Environment 


Average subperiod temperatures and relative humidities for Room 1 and 
Room 2 are shown in Table 8. Comparing the mean temperatures for the 
entire experiment,the two room were 15 Centigrade units apart (Room 1, 
Orie COnmeSLCsuere dey ome 4 ROOMI2 21 eo oGe std. dev. 2.0) ee Relative 
humidity in Room 1 was practically constant at 100 % while the average for 
Room 2 was 59% (std. dev. 4.0%). Mechanical problems with the Room 1 
refridgeration unit caused slightly warmer temperatures than desired 
during Periods 1 and 2. The temperature difference between rooms however 
remained fairly constant. Air movement was found to average 25+15 cm/s at 


any given location within the cages. 


The moisture condition of the concrete floor beneath the pigs varied 
with each pig, ranging from dry to continually wet. However for most pigs 
the floor was usually dry, even in Room 1 where the relative humidity was 


high. 


Journal of Animals 


The experiment was designed to contain 192 observations(16 pigs X 12 
subperiods), of which 123 were obtained. The balance were missed for 
these reasons: 12 observations were missed at the beginning of the 
experiment because of problems with bladder catheter implantation. Most 


catheters were implanted during Subperiod 2 of Period 1 and nitrogen 
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TABLE 8. AVERAGE AIR TEMPERATURES (2) AND RELATIVE HUMIDITIES 
(4 RH ) AT PIG HEIGHT IN ROOM 1 AND ROOM 2 BY PERIOD 


AND SUBPERIO 


Period Subperiod 


D. 


Room 

ec sta. dev. 
1 1 igs) abs 
2 Bh hes) 
3 8.8 2a 8 
2 1 6.4 1.89 
2) 5.8 (haae 
3 Wott 0.89 
3 1 re. 1/2. 
2 6.0 172 
3 4.9 100 
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balances for those pigs were commenced at 16:00 h on the day of 
implantation. Rather than discarding this nitrogen balance data gathered 
during the remainder of Subperiod 2, these data were added to the five 
days nitrogen balance data obtained in Subperiod 3. The number of days in 
Subperiod 2 which were added to Subperiod 3 are shown in parentheses in 
the feed table at the beginning of Appendix Bl. All other feed values 


given are based on five days. 


Animal health problems were the cause of the remaining missing 
observations. Some of the health problems arose because of the 
experimental manipulations. Included in Appendix A5, is a summary journal 
for each pig. Rectal prolapses were responsible for the loss of several 
observations. Shortly after the experiment commenced, the initial Pig 14 
had to be discarded along with all the results collected for her. She 
was replaced immediately and records for Pig 14 begin at Period 2. Toward 
the end of Period 1, Pig 25 had a rectal prolapse; she was discarded and 
not replaced. Pig 13 prolapsed during the middle of Period 3 but she 
recovered after a time and was retained in the experiment. Pig 21 
prolapsed with 3 days left in the experiment. During Periods 2 , 3, and 
4, catheters were removed whenever the rectum showed signs of protrusion. 
Minor health problems were responsible for the rest of the missing data. 
Four observations were lost due to plugged catheters, two due to 


hemorrhaging in the urinary tract, and one due to diarrhea. 


In this experiment, Subperiods 2 and 3 were assumed to contain the 


steady-state effects of temperature treatments. When results from 
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Subperiods 2 and 3 were pocled, entries existed for 59 of the possible 64 
Period X Pig cells (92%). Therefore, values used in the analysis of 
variance for steady-state variables are pooled walues from Subperiods 2 
and 3. Further comments pertaining to the method of analysis of individual 


variables are included in their respective sections. 


In view of the health problems discussed above, only effects 
statistically significant at the 99% level of probability (hereafter 


denoted **) have been reported. 


Feed and Energy Intake 


The average daily feed consumption by the Group 1 and Group 2 ad 
Libitum-fed pigs (111.5 g/(kg9-/5)) was about 11% (**) more than that 
consumed by the Group 1 and Group 2 restricted-fed pigs (98.5 
g/(d.kg2-75)), (see Table 9 for summary, Appendix Bl for raw data, and 
Appendix Cl for Analysis of Variance (AOV)). The experimental mean total 
combustible energies of the grower and finisher rations were very similar 
(15.8 MJ/kg, std. dev. 0.23 vs 15.9 MJ/kg, std. dev. 0.15, respectively) 
as were the average protein concentrations (16.2%, std. dev. 0.72 vs 


15.4%, std. dev. 2.11, respectively). 


Mean ME intakes for each treatment combination are shown in Table 9. 
The mean ME intake of the restricted pigs was on average, about 90% (**) 
of the ad Libitum fed pigs (raw data in Appendix B3 and AOV in Appendix 
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TABLE 9. EXPERIMENTAL RESULTS FOR EACH TREATMENT COMBINATION(MEAN OF 4 (3) 
PIGS): A, FEED INTAKE, (AS FED BASIS), g/(d-kg/>); B, METABOLI ZABLE 
ENERGY INTAKE, kJ/d-kg-/5; C, AVERAGE DAILY GAIN,g /d; D, MEAN 
BODY WEIGHT, kg;E, PROTEIN DEPOSITION RATE,kJ/d:kg:/9;F, PROTEIN 
GAIN/TOTAL GAIN, g /g . 
Group 1 Group 2 Deen 
Period Code Restricted Ad Libitum Restricted Ad Libitum Mean 
1 A 99.3 128.0 1013 115.0 ikke 
B 177, 1408 1239 1386 1311 
c 391 654 782 741 659 
D 45.2 49.5 Boaz 51.0 50.2 
E 1138 G3) 13H 84 135 1164 
F 0.216 0.157 0.093 0.155 0.1514 
2 A 97.8 116.5 99.0 100.7 103.7 
B 1202 1404 1159 1168 1238 
C 742 844 489 538 661 
D 56.2 62.0 59.1 57.1 58.7 
E 168 192 110 86 (3) 142A 
F 0.201 0.229 Q.207 0.145 0.1998 
3 A lee) nO gs 96.8 She 8) oo 
B 1178 1218 1193 1225 1204 
C 406 485 747 914 646 
D 61.5 69.5 69.7 63.4 66.6 
Z eis} 1) 133 164 188 (3) 156b 
F 0. 329 0. 306 0.227 0.198 0.262b 
k A 96.8 107.5 98.8 ims 104.7 
B 1201 1309 1181 1409 1266 
C 650 917 497 662 683 
D 70.6 81.9 7620 Wei (3) TH! 
E 126 131 118 144 129a 
F 0.220 0.179 0.255 0.236 0.220b 
Baad A 98 .1a 113.86 98.98 109. 1b 
Groups 8 11918 13356 1193a 13046 
c 568a 7412 6294 716b 
D 59.1 65.7 64.5 60.5 
E 139 147 119 138 
F 0.237 0.210 0. 196 0.181 
Periods X Groups 6°c 21°C 
(Temperature) ee a 
A 99.12 112.8b 98.28 109.6° 
B 11742 13015 12098 13315 
C 46a 585 730 854 
D 60.5 62.5 62.4 64.6 
E 12] 124 136 162 
F 0.252 0.211 0.186 0. 189 
Mean of C 516a 792b 
Ad Lib D 61.5 6355 
And E 1234 149b 
Restricted F 0.232a 0.1876 


a,b,c Means in the same row or column, with different letters 


are significantly different (**). 
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69 
Liveweight Gains and Mean Period Weights 


The experimental mean daily gain for all pigs, based on least-squares 
linear regression on the liveweight measurements for Subperiods 2 and 3, 
was 663 g (liveweight records are included in Appendix B4). Mean daily 
gains for each treatment combination are shown in Table 9. The chronic 
effect of low temperature(6°C) was to diminish average daily gain by 
18.4 g/d.°C or 2.3 %/°C below the rate of 792 g/d weight gain 
measured at 21°C (Raw data in Appendix B5 and AOV in Appendix C3). 

The average daily gain based on the difference over 60 days of the mean 
starting weight (44.6 kg) and finishing weight (81.5 kg), was 607 g. The 
effects of temperature change on liveweight, as measured over the first 


five days of each period, are reported in the next chapter. 


Mean period liveweights, for each pig, were computed from the same 
values used in computing the regression coefficients of daily weight gain, 
and mean period liveweights are shown in Table 9 (Raw data is shown in 
Appendix B6). Metabolic body weights, used to express other results such 
as protein deposition rates, were computed from these values to the 0./5 


power. 


Increasing feed intake increased daily gain by 10.3 g/d per extra 


gram of feed over the restricted feeding rate of 100 (g/d.kg®-75), 


>is - Sze 4 


£ net 


yite mo 


er 


apc .opta Ite to) iiip etich Sete 
} ” siivtorp Iaatipt west ote : 
Porn tig! 
if wv ide = jt? 0% hora m 
of oi TES Sates APU bere Bes CRT ato ot - 
| Ave Lt “ae 


ur? ves ald “Ri ont 90 c 


te 


ziel~er 
Jae vinalbh Ay Ope oe 218.2 


ngrrr: EGR 


“4 h ‘ » 470) Sil. 


nest ial =f 
hd 
38 Mi} edolay pukerdt ink Genta) aa 
shi ; : ’ ss 
: ay rie fi i rear is a 
| i Oe y wh Lore fae Ts 
t 
[i 
Wi Tin 1 7 on 8 <7 A 7 A) the 
7y * Bi ¢ ? } =r) ‘325 w J | THY Qaus “i bee 
TL at ereh wra) Ss8ion,) wie ee stig repel ee ; 
hese 1 33 FS peat: cehey | Sires PINS pe Fae. ; (otgtam., Pe) 
IVs t. aay wiliv ASML dred oetitog 2 29785 iat lai 3> 
oo) @o 1 in a7 4 | i OPES SID J eid on4 
Pein) 901 to ody 5 ten OM ee Gab 
= ; : 
¥ P vy nls 
ae : - a Sant >, 
lon >, wet —_——_ 


70 
Protein Retention. 


Protein retention was analysed statistically using the mean of 
Subperiods 1 to 3 and also using the mean of Subperiods 2 and 3 only (raw 
data in Appendix B7 and AOV's included in Appendix C4 and C5). Since the 
Subperiods included made no difference to the statistical outcome, protein 


retention values for each period are based on the mean of all data. 


Although protein deposition rates averaged 14% higher for the ad 
Libitum fed pigs than the restricted pigs, feed level and other feed 
interactions did not reach statistical significance. Based on the average 
feed consumption, low temperature (6°C) was found to diminish protein 
retention at a rate of 1.73 kJ/(d.kg .°C), or 1.2%/9C(**), below 
the rate measured at 219 (149 kJ/(d.kg®*/5)) (AOV shown in 
Appendix C5). Protein retention rates for each treatment combination are 


summarized in Table 9. 


The computed ratio of protein gain to total weight gain (P/G), was 
higher at 69°C (0.232) than at 219C(0.187), indicating leaner 
growth (**) at low temperatures (raw data in Appendix B8 and AOV shown in 
Appendix C6). P/G ratios for each treatment combination are shown in 


Table 9. 


Protein accretion rates for Period 1, 2, and 4, were not 
significantly different (Student-Neuman Kuels test, P<0.01) and averaged 
129 kJ/(d.kg®*75) while Period 3 rate was higher at 156 


kJ/(d.kg9- 75) when the pigs averaged 67 kg body weight. The effect of 
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periods on the P/G ratio was similar to that for protein retention. The 


P/G ratio for Period 3 (0.262) was higher than the remaining periods which 
averaged 0.190. 


Discussion 


Without the necessary heat production to maintain body temperature, 
the pig would become hypothermic and die eventually. In order to meet the 
extra heat demands at low temperature, feed energy that otherwise may be 
incorporated into new tissue must be oxidized instead to produce heat. 
Therefore prolonged exposure of the pig to low temperature will result in 
a reduction in growth rate, or more specifically, diminished rates of 


protein and lipid retention. 


In Section D, these concepts were developed into a 3-dimensional 
model capable of predicting production of protein and lipid over a range 
of temperatures and energy intake levels. Since lean tissue production is 
a fundamental concern in the development of effective methods of feeding 
pigs, further tests were conducted to establish the protein deposition 


aspect of the model. 


The protein deposition response of the model to increasing energy 
intake was supported substantially by the experimental results. Reference 
to the model using the energy intake levels shown in Table 9, predicts a 


10% increase in ME intake to result in a protein retention rate increase 
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of about 20% at 6° and 21°C. The actual average increase in 

protein retention rate for the ad Libitum fed pigs, as compared to the 
restricted fed pigs, was slightly less at 14%. However, because of the 
animal variability encountered, this increase in rate of protein retention 
was not significant. Therefore, in comparing temperature effects, feed 
levels have been pooled simply by averaging the energy intake values for 
the restricted and ad Libitum fed pigs (1238 at 6%; 1270 

kJ/(d.kg9-75) at 219). 


Daily increments in mass of lean tissue, fat, bone, and gutfill, in 
the growing pig, all constitute what is called liveweight. In the 
production of slaughter pigs, performance is most often associated with 
liveweight gains. Also of importance is the need to produce pigs with a 
minimum of excess body fat. Table 10 compares several important 
performance parameters for growing pigs exposed to 6° and 21°C, as 


predicted by the model and as determined from this study. 


Protein, in Table 10, has been compared directly by assuming the 
energy content of protein to be 23.5 kd/g (A.R.C., 1967). The efficiency 
of utilization of ME for the production of protein is expressed in the 
ratio ME/Protein Retention. Both parameters can be compared directly and 
agree very closely (2%). The remaining three comparisons, Daily Gain, 
Protein Retention/Daily Gain, and Lipid Retention, have been made 
indirectly by assuming the mean energy content of tissues retained by a 60 
kg pig to be 19.4 kJ/g (Holmes and Close, 1977) and by allowing 10% of 


average daily gain for ash and gutfill (Verstegen et al, 1973). 
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TABLE 10. COMPARISON OF FEEDING TRIAL RESULTS WITH MODEL 
PREDICTED RESULTS( FROM SECTION D). 


Temp, ME Intake Variable Model Feeding ,Trial t 
O¢ id hades Trial tedelie 
6 1238 Protein Retention,kJ/d:kg9:/> 125% 123 0.98 

ME/Protein Retention 9.9 10 1202 
Daily Gain, g/kg?:/? 24.0” 23.0 0.96 
Protein Retention/Daily Gain .222” .232 1505 
Lipid Retention B55 e279) en 79 
21 1270 Protein Retention, kJ/d-kg®°/2 150% 149 0.99 
ME/Protein Retention 8.5 8.6 1.01 
Daily Gain, g/kg: 7? 3g” 35.4 12.02 
EO inane tent lon/DailyeCainee alo? eeeto7 1.02 
Lipid Retention 5G. oo). 1.03 


nn ee eet a In aE REE RE nee 


* Values in kJ/d-kg9:/75 (+5) as read from Figure 11. 
Y Estimated values,see text. 


t ratio of feeding trial value to model predicted value. 
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Using these values, the model predictions of protein and lipid 


energy gain can be converted into an equivalent daily gain in body weight 


as follows: 


(Gain) (0.9) = (Energy Retained)/(19.4 kJ/g) ..... 22 


The predicted daily weight gains at 6° and 21% are within 4% of 

those values determined from this study, both indicating exposure to the 
low temperature reduced daily gain by about 33%. By converting protein 
energy to mass, Protein/ Daily Gain ratios predicted are seen to be within 
5% of those measured. Both indicate low temperature (6°C) increased 


the proportion of protein in daily gain by about 20%. 


The last item to be compared in Table 10, Lipid Retention, has been 
estimated from the results of this study simply by rearranging Equation 23 


as follows: 


Lipid Retention = (Gain)(0.9)(19.4 kJ/g) - (Protein Retention) ..23 


Although these lipid estimates are necessarily more speculative than the 
other protein related parameters, they nevertheless do come surprisingly 
close (+3% and -21% deviations at 21° and 6°C, respectively) to 

those predicted by the model. Since fat contributes to body weight, the 


21% deviation may seem at odds with the good agreement (within 4%) already 
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noted for daily weight gain. However, the energy value per gram of tissue 


is much higher for fat than for a unit weight gain. 


Therefore, from the results of this study, the model has proven 
capable of predicting the protein deposition response of growing pigs 
exposed to low temperature. Further testing will be needed to establish 
confidence in the model beyond the limits tested by this feeding trial, 
especially for pigs substantially different from 50 kg and exposed to 


temperatures other than were used in the present trial. 


Feeding trials will be required to establish confidence in the lipid 
deposition aspect of the model, however, indirect estimates suggested 
predicted lipid deposition rates may be within 21% of actual rates, at the 


energy intake levels used. 


The introduction to this section referred to an earlier study by 
Holmes and Mount(1967) using a consecutive temperature design. They 
observed unusually low rates of gain in growing pigs during the first five 
days following a temperature change from 20 to 9°C and suggested that 


this transient effect " could be due to the net result of changes in body 


water and fecal output ". While this section has focussed on the 
steady-state response of pig growth after five days at low temperature, 
the next section examines the pigs weight response during Subperiod 1 in 
order to quantify possible transient effects. Some awareness of temporary 


effects is needed or the usefulness of this, or any, model may be 


brought into question. 
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SECTION <i 


FEEDING TRIAL: WEIGHT AND DIGESTIVE RESPONSE TO ACUTE COLD 


Introduction 


Meat producing animals exposed to low temperature may be forced to 
convert productive feed energy into heat in order that body temperature be 
maintained. As losses of heat energy cannot be regained, some weight is 
permanently lost, unless the efficiency of tissue production after 
cessation of cold stress can be shown to increase. So far there is no 


evidence of this. 


The above remarks are from an energy balance viewpoint. However, 
fieldwork and research to determine the effects of low temperature on 
livestock performance often is based on liveweight data as this is what 
interests producers. Although such work is useful, research has indicated 
that the use of liveweight data when studying low temperature effects may 
lead to false conclusions. Beyond the permanent tissue losses discussed 
above, studies by Young (1975) and Degen and Young (1979) indicate there 
are also temporary body weight losses associated with the animals 
physiological adaptation to a new temperature regime. These losses are 
distinct from energy balance considerations and may involve, for example, 
body water content (Young, 1975). When cold stress is removed, the animal 
regains it's previous physiological state, including the body weight that 


was lost temporarily. 
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Possibly these temperature-induced temporary weight changes are 
actually the net result of several physiological responses to stressful 
situations(Holmes and Mount,1967). For example, research on cold-exposed 
sheep receiving a constant amount of feed has shown a reduced retention 
time of digesta at low temperature, together with a reduced digestibility 
of feed (Kennedy et al, 1976). These findings indicate a change in 


gutfill which would necessarily affect liveweight. 


The results of the feeding trial, described in Section E, provide an 
Opportunity to further examine the magnitude of temporary weight changes 
in cold-exposed pigs, and the reduction, if any, in digestibility of feed 
nutrients during cold exposure, in order to determine whether any 


correlation exists between the two responses. 


Methods 


As described in Section E, a feeding trial was conducted to measure 
the steady-state gains in body weight and protein during exposure of 
growing-finishing pigs to 6° and 21°C. For this purpose, values 
measured during the last 10 days of each 15-day period were analysed and 
presented. In view of the questions posed in the introductory part of 
this Section concerning temperature-induced temporary body weight changes, 
a further investigation of the results of the feeding trial, paying 


particular attention to weight gains or losses during the five days 
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immediately after the temperature change (Subperiod 1) would be 


appropriate. 


In addition to providing detail on experimental and cage design, 
reference to Section E will provide a description of the methods used for 
feeding, weighing, calculating the average daily weight gain, and 
collecting the feces and urine. Additional data from the feeding trial 


were analysed as follows: 


(a) Digestibilities of energy, nitrogen, and dry matter were calculated 


according to the equation: 


% Digestibility = (( Intake - Fecal Loss)/Intake)(100) ......23 


Data from Subperiods 2 and 3 were pooled for statistical analysis to 
determine whether temperature or feeding level had any effect on 


digestibility of energy, nitrogen, or dry matter. 


(b) From bodyweight records, estimates of temporary weight changes during 
Subperiod 1 were calculated from the weight regression equations 
established for the last 10 days of each period (Subperiods 2 and 3). The 
intercepts of these regressions immediately at the start and finish of 
each period were used to determine the expected body weight at each 
changeover. During the course of the experiment there were three 


changeovers (Periods 1 to 2; 2 to 3; and 3 to 4 ). Any difference between 
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intercepts at each changeover was regarded as the total temporary change 
in bodyweight. This procedure ( similar to that used by Young 
(1975)) integrates the gradual changes in body weight which actually take 


place over several days. 


(c) The effects of temperature on steady-state digestibility of energy, 
nitrogen, and dry matter, were analysed using the statistical model 
described in Section E. The same statistical model was used to determine 
the significance of changeovers on body weight; however, the degrees of 


freedom were modified to values shown in Table 7. 


Results and Discussions 


Animal Health and Climatic Environment 


Details on temperatures, relative humidities, air movement, and 


animal health have been presented in Section E. 


Feed Intake and Nutrient Digestibility | 


The feed actually consumed by the ad Libitum and restricted fed pigs, 
as well as the digestibilities of energy, nitrogen, and dry matter for 
each treatment combination, are summarized in Table 11 (raw data in 
Appendix Bl and B9). The absence of any effect of age on digestibility of 
energy, nitrogen, and dry matter in this experiment is supported by other 
studies on pigs of similar weight (Nielson, 1970; Fuller and Boyne, 1971, 


1972; Thorbek, 1975) (AOV in Appendix C7, C8, and C9). 
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SUMMARYSORSDIGESTIBIEITY RESULTS... A. 


(AS FED BASIS); B. 
DEGES HIB Nalini Dee ENERGY DINGESTIBILITY 4: 


Group 1 
ad Libitum 


Restricted 
1 A Shas) 
B 7IR5 
G Tate 
D 79.4 
2 A 97.8 
B 81.4 
G 80.0 
D 80.5 
3 A sia) 
B 78.9 
C / [50 
D 77.6 
4 A 96.8 
B 80.5 
C 80.9 
D 80.0 
Feed X Groups 
A 98.1 
B 80.2 
G Shs 
D 195 
Period X Groups 6°C 
(Temperature) 
A gS ale 
B jee 
C (Bele 
D hee 


128; 


Group 2 


Restricted ad Libitum 


101. 
O2n 
78. 
82. 


Sh) 
Tish 
75. 
7]. 


96. 
80. 
Sis 
[she 


3 se 
0 80. 
6 lds 
4 Weve 


NITROGEN 


Period 
Mean 


a,b,c Means in the same row or column with different letters are 
significantly different (**) 
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FEED INTAKE, g/d-kg®-/5 
DRY MATTER DIGESTIBILITY,%;C. 
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For all pigs exposed to 6°C, the average digestibilities of dry 
matter, energy, and nitrogen (78.2, 77.0, 74.7%) were significantly lower 
(**) than for pigs exposed to 21° (80.8, 79.9, 79.4%) (Appendix C7, 

C8, C9). Studies on several species, including pigs, have reported 
reduced apparent digestibilities of energy, nitrogen, and dry matter at 
low temperature (Graham et al, 1959; Fuller and Boyne, 1971, 1972; Young 
and Christopherson, 1974; Kennedy et al,1976). Some results for animals 
of comparable size to the pig have been included in Table 12. The rates 
of reduction in digestibility associated with reduced ambient temperature 
observed in this study (about 0.25%/9C), are in accord with those 


listed. 


Although the pig does not rely on microbial activity for digestion as 
does the ruminant, a reduction in digestive retention time nevertheless 
might reduce the effectiveness of the nutrient extraction process, for 
example, by reducing exposure time to digestive enzymes. This type of 
response could be of adaptive significance in view of the increased 
requirement for more easily digestible material during cold where ample 


feed is available. 


Restricted feeding consistently resulted in higher digestibility of 
energy, nitrogen, and dry matter as shown in Tables 11. However, feed 
level did not reach the chosen level of statistical significance (raw data 
in Appendix B9 and AOV's in Appendix C7, C8, C9). Graham et al (1959) 
found that increasing feeding level from maintenance to 1.5 times 
maintenance reduced energy digestibility in sheep. Fuller and Boyne (1971, 


1972) found no change in digestibility of energy with increased feeding 


cai eh ee 0 “ 


val , « 7 ie 
+, alterna) leas 
: = er Av 7 ; a 
7 . id 

= Pe TaCA % ayer 27 wITSlOnh ,aere 
= ” 
\ ay 7 4 : 

iy att vb j ra ri nage ta 
a ; ; 
grunt Otel. 81 enyalh bao nn Se 
 ptemrte 40) Geo a 

s 
— ~e i a) a) % OE 
ao) 
vel | © tear iJ . : 
i‘ 4 j a 1 e°s ; J 
é 

» WRT j : } I 0 3 

eo i. 4 | 
a we get 4 a ‘ 


J lee —_—=' 4 * 4 te = ; = 
eas hirdtsapeth Gadain ni Hel macse ee deeres SIS OF 


be tele oltcal eae ie 


sopk whet > SKIING? | oe) ee Bie 7 ae favet ASzttsS adr’ +a 


bl a! Tarmean) .1C2.),45 ‘xia ane Te 


> 7 | 
ee. nails E.) cd Hanon! gm AON? anette day 
ays oh Sheol ibn, 951 iw eats we whe ssiineeaia’ pt 


& 


82 


TABEE™ 12. SUMMARY OF -DIGESTIBILITY RESULTS FROM OTHER 
LOW TEMPERATURE STUDIES. 


Study ,Nutrient Temperature Change in Dig. 
per °C 


Graham et al(1959),sheep: 8°C 23°C 


Energy 0.10% 
Fuller and Boyne(1972) ,pigs:4°C 23°C 

Energy COnGZwnO3R 0% Oni 

Nitrogen Wo ANS 0.08 
Young and Christopherson 
(1974) ,calves: =9°c = 18°C 

Dry matter 627 oe Ocal 0227 
Kennedy et al(1976),sheep: O°C 20°C 

Dry matter 45.0 48.2 0.16 
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83 
level in pigs, over a range of temperatures. At low temperatures (5° 
and 13°C), however, nitrogen digestibility fell with increased level 
of feeding; at 23°C feeding level had no effect on nitrogen 
digestibility. Peers et al (1977) kept growing pigs at either maintenance 
or 3 times maintenance feeding level at about 21°C, and found no 


Change in digestibility of dry matter, energy, or nitrogen. 


Since Cunningham et al (1962) have shown that concentration of 
dietary crude fibre can have considerable effect on digestibility of dry 
matter and nitrogen in pigs, one might expect a wide range of findings in 
the literature. The results of this study, although negative, do indicate 
consistently higher digestibility values for nitrogen, energy, and dry 
matter, for pigs restricted to about 88% of ad Libitum intake, on a 


barley-soybean meal based ration. 


Weight Response to Acute Cold 


Temporary bodyweight changes were calculated from liveweight records 
for each pig at each changeover and are listed in Table 13 as gains (+ kg) 
or losses (- ky). As average feed consumption for the ad Libitum fed pigs 
was higher at 6°C than at 21°C (AOV in Appendix C1), only the 
weight changes for the restricted pigs have been discussed in the 


remainder of this section. 


The weight record for Pig No. 24 is shown in Figure 14 indicating the 


nature of the temporary body weight changes with each abrupt change in 
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temperature. As temperature was stepped down (21°C to 6°) Pig 14 
weight decreased 4.4 kg; as temperature was stepped up (6° to 

21°C) weight increased 2.5 kg; and during the last changeover down to 
6° again there was a weight loss of 2.0 kg. These vatues can be found 
in Table 13. Considering the average of the restricted pigs only, 
exposure to 69C from 21°C resulted in an average temporary weight 

loss of 2.3 kg (std. dev. 2.44). Within 5 days of being returned to 
219°C, the entire 2.3 kg (std. dev. 0.52) was regained (Appendix C10). 


These results are relevant to pigs from about 40 to 80 kg. 


The temporary weight changes shown in Table 13 are quite independent 
of the reduced bodyweight gains noted in Section E. Further reference to 
Figure 14 can clarify this point. By extrapolation of the expected course 
of weight gain for Period 1 (21°C)(dashed line) to the end of Period 2 
(69C), point A represents the expected weight had no cold stress been 
applied. The difference between points A and B, in this case 3.6 kg, 
represents the permenant loss in weight due to 15 days at low temperature. 
The rate of loss, about 250 g/d, compares very closely to the difference 
in average daily gain for the 6 and 21° pigs noted in Table 9 (280 
g/d). The difference between points B and C represents a retrieval of 


weight temporarily lost when the pig was exposed to 6°. 


Although there is little information in the literature on this aspect 
of cold stress in pigs, a report by Hicks and Webster(1968) provides 
supporting evidence in that measured feed conversion efficiencies (units 
feed/units gain) at constant feeding level, for the 7-day period after 


exposure to 59C, were 6 times higher than at 20°C. This may have 


te 
“hy a 
; tw 
' 

‘ i 1) 1 4 ay "1s i 

{ 7 +4h 

PhOw 4 

* 4 of) i 
ry P 
t t b } ‘ g 
+ td ~ 4 * ; 
} j id 


vw. ten te | pel” pene eer 


i i ‘ Pirie eioett af he 
i | : ' 
ee eee ss 


jh eal ane? ea Whe tbe ee Dee dort? 


‘ « a cae ; = 
iis SW ee A Sqir i ugh gebset nage 


86 


(64) LHDISM AGO 


Ss eeeesoeer | 
Seesnnesy 4a 


Ha 
SSans 


fr 


He 
Benes asetetateteee 
THETIC! 


SF ee eeeeaE Cee 


EERE 
Eee 


scbnueeesneecaseseas SERESEESER 


Po 


Ly 
rH 


aime 


oe 


: oe 


|. ee 


SoeSeannee nH 


LS 
y, 
H 


i] 


Po 


ay 
is 


oD i SS 
edit 


SestaeHne 
ebsaeesestee 
H 
eteetie 


| 


Hate 
oa ee HH 
ES ese ee 
SEGRE EEBe! 
Sreeeesrresit 
Gouge 


r= 


a a 
Zi 
rT 


AEE 
a 


SEINE 1 


Beet 
sss 
a 


SaSeneR 
SRESEUSEaR 


Seescessessnesueenn5 
HH 


Pee 


Sserabstscesesatsess 


Gan’ SSG eeeee 


Ht 


ao 


ae : poe HEHE 


Er 
BRGES ERSSRERSERRRERERES 
Baeaaeaes 


Seesn050000sese0e0eqeuneans 


Hi 
ee a 
i FH : 
_ | 7 = i i. 5 
H PL EEEEEEEHEEEE i sf 
: a nian a i - ‘ 
i ia eta ae a 
EE Ej REGIE ae etfs fat Ral aes eeHaee ETE HEE iy 
Pees) ee 


(sqj) LHOISM AGO 


Period 3 Period 4 


Period 2 


temporary weight change. ( Period 2, 3, and 4 regressions based 
on the last 10 days of the period.) 


Period | 
Figure 14. Weight gain regressions and intercepts for Pig 24 used in computing 
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87 
arisen from temporary losses in bodyweight. The study by Holmes and 
Mount(1967) indicated a weight loss in growing pigs of about 2.5% of body 
weight within 4 days of changing from 20 to 99°C. Also Young(1975) 
found exposure to low temperature caused temporary bodyweight losses of up 
to 5% of body weight in cattle; body fluid shifts were cited as a possible 
adaptive physiological response which might be detected in liveweight. 
After eight days cold exposure in restricted fed sheep, Degen and 
Young(1979) found bodyweight reduced 7% and rumen fluid volume reduced by 


over 1L. 


From the results of this study, as well as others mentioned above, 
one might reasonably suspect a change in the volume of digesta to be at 
least partly responsible for the observed temporary body weight losses. 
Assuming this to be the case, the temporary change in bodyweight can be 


measured indirectly as described in the subsequent section. 


Correlation of Digestive and Bodyweight Response to Acute Cold 


Considering the throughput of a digestive tract in steady-state where 
feed dry matter intake is at constant rate (r), then fecal dry matter 
output will be some fraction of intake (k.r). If the digestive tract 
contains an amount of digesta, W, then it's retention time, R, equals the 
quotient W/r. Assuming this relationship is true, a reduction in R, as 
seems to occur at low temperature, must result in reduced W, if r remains 
constant. The difference between steady-state initial and final values 
for W represents a reduction in digestive amount AW, and as a 


consequence, a loss in liveweight of the same amount. Furthermore, the 
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need to change W undoubtedly will be manifest in the rates of fecal 


Output, k.r, shortly after the temperature change. 


The change in W for the pigs in this experiment has been determined 
by subtracting the actual wet fecal matter during Subperiod 1 from the 
expected wet fecal matter for Subperiod 1. The logic used for computing 
the expected wet fecal matter is based on adjusting the wet fecal matter 
for the previous subperiod upward, or downward, in proportion to any 
change in feed intake. If there is more wet fecal matter than expected, W 
is assumed to be decreasing and the liveweight of the pig is presumed to 
be reduced by the difference AW. If there is less wet fecal matter than 


expected, then the reverse is true. 


Each particular element of the calculation mentioned above is shown 
in detail in Appendix A6. The resultant weight changes, AW kg,are shown in 
Table 14. Based on the mean of the restricted pigs, exposure to 6°C 
from 21°C resulted in an average weight loss of 1.06kg (std. dev. 

0.88) during five days, while the return to 21°C resulted in an 


average gain in weight of 1.83 kg (std. dev. 0.90) (AOV in Appendix C11). 


Therefore, on the basis of this experiment, temperature-induced 
change in digestive volume may account for about half of the temporary 
liveweight changes observed; regression analysis indicates 55%. The 
correlation coefficient for the Group X Period means of AW and the 
temporary weight change for the restricted pigs is 0.92 indicating a very 


close relationship. 
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SECTION G 


SUMMARY AND CONCLUSIONS 


A review of the literature indicated the estimation of lower critical 
temperature can be an important decision-making aid in predicting energy 
losses in pigs exposed to low temperature. However, to date, ration 
formulation methods have made no allowances for temperature perhaps in 


part, because the effects of low temperature on body gains was not well 


understood. 


A model that predicts the effects of low temperature on composition 
of body gains was developed. The model was compared against results from 
the literature and a feeding trial was carried out to test the protein 
deposition aspect of the model. While the model should receive further 
testing, both the above validity tests confirmed that low temperature 


reduces rate of tissue gain in pigs in a predictable manner. 


The model also serves as a predictor of heat output rates, as related 
to level of feeding. Such information should be of value in the design of 
shelters for growing pigs, particularly if more North American pig 
producers adopt restricted feeding methods to improve feed conversion 


efficiency and conserve energy. 


Results of the feeding trial were as follows: 
1. Diminished weight gains, and protein gains, were observed in full fed 


and restricted fed pigs kept at low temperature but the monetary losses 
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associated with reduced weight gains may be offset to some extent as there 


was an increased proportion of protein in the daily tissue gain of pigs 


kept at low temperature. 


2. Exposure of pigs to low temperature resulted in a reduction in 
digestibility of energy, nitrogen, and dry matter, of approximately 


One-quarter of one percent per Centigrade unit below 21°. 


3. Abrupt temperature changes caused temporary changes in body weight. On 
average, a reduction in temperature from 21° to 6°C resulted in a 
temporary weight loss of about 4% of body weight. Five days after being 
returned to 21°C this loss was regained entirely. These temporary 

changes may be due in part, to changes in gutfill. Although gutfill was 
not measured directly, some indirect evidence was presented as support for 


this possible explaination. 


4. Feed restriction resulted in no improvement in digestibility of 


nitrogen, energy, or dry matter, as compared to ad Libitum feeding. 
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1. Sample problem using the model. 

2. Sample calculation of marginal efficiency of 
energy retention. 

3. Feed tables. 
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5. Journal of animals 

6. Temporary change in fecal output. Detailed 
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APPENDIX Al 
SAMPLE PROBLEM USING MODEL 


Find the daily protein and lipid gains and heat outputs in a 
50 kg growing hog housed at 20°C and 8° and fed 2.1 kg/d 
of a ration containing 11 MJ/kg of metabolizable energy. 


- Determine energy intake rate per unit metabolic body weight: 
Energy Intake 


= (2.1 kg)(11,000 kJ/kg) /(50)9-75 
=1220 kJ/(d*kg9-/5) 


- Referring to Figure 11 find protein and lipid gain corresponding 
to 20°C at ME intake 1220 as follows: 


Place the 45° line of the overlay on the 45° line of 
Figure 11. Keeping these matched, adjust the horizontal line of the 
overlay to correspond to 20°C on the temperature scale on the 
Eignteofmeni gure: li. 


Note the intersect of the horizontal line of the overlay and 
line Z of Figure 11 corresponds to feeding level E; , while the 
horizontal line of the overlay intercects the 45° Jine at the 
critical feeding level E;-- 


The production zone is now bounded by 4 lines: 1. the right 
margin of Figure 11, 2. the 45° line, 3. the horizontal line of 
the overlay between E, and E;, and 4. the Z line of Figure 
PU EOmUNe 1 ONO iby 


The protein and lipid gain can now be read off between the 
appropriate lines directly above the feeding level 1220 
kJ/(d.kg9-75) and heat output can_be computed by difference: 

Protein = 140 kd/(d.kg2-/5) i.e. 112 g/d 
Lipid 420 kJ/(d.kg2-/5) i.e. 202 g/d 
Heat Output Rate = 660 kd/(d.kg?-/°) i.e. 12.4 Md/d 


- This procedure can now be repeated to find protein and lipid gain 
at 89°C and feeding level 1220: 


Keeping the 45° line of the overlay matched with the 45° 
line of Figure 11 slide the overlay upward until the horizontal 
line of the overlay crosses 8°C on the temperature scale at the 
right of Figure 11. 


Following the procedure outlined above, the protein and lipid 
gain can now be read off between the appropriate lines directly 
above 1220 kJ/(d.kg9+/9): 

Protein = 125 kJ/(d.kg9*/9) i.e. 100 g/d 
Lipid 370 kd/(d.kg9-75) i.e. 178 g/d 
Heat Output Rate = 725 kJ/(d.kg?*/9) i.e. 14.7 MJ/d 
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APPENDIX A3. FEED TABLES, Ibs. 


Pig Weight Daily Feed 


Te Ley ht) 
7H. 3.14 
ide Lahn 
ase 3.2% 
79, Wr grad 8 
BU, 3,26 
Bilve 3,29 
Be. 3.32 
Bare $.55 
BA, RC: 
AS, 3,40 
Bi, 3.45 
87, 3,448 
Ba, 3,51 
Bo, 3.54 
gn, WIR eS 
oi, Lyell, 
Ve. yl Wes 
93, 5.65 
Qu, 3.68 
Qs, ee 6 
GO. 3,74 
Orie. Bet 
98, 3,49 
aq, Seas 
LUG. LY pyle its) 
Toi. 3. A9 
102% 3.92 
105. 94 
(ue Cie Bi 
105, 4,00 
1U6, 4,0$ 
ple fs 4.096 
i itet es 4a.,o9 
109, 4.} 

Wl Ht 4,14 
ib Shale 4,17 
delves 4,20) 
ea 4.23 
Nee N,ao 
115. 4,26 
116. 4.5) 
a 4,34 
Lite 4,37 
119, 4 40) 
Tou. “,u? 
Aa 4,/45 
ice. 4,48 
ee 4.51 
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APPENDIX A3. FEED TABLES(CONT'D), Ibs. 


Pig Weight Daily Feed 
125, 4.56 
126, Stew] 
Nery 4,6¢ 
128, B64 
leo. Reyna) 
ocr, rear) 
LEO 4.72 
se. 4,75 
See 4,76 
es ee 4,80 
135, 4,83 
13h, 4,86 
eA 4,89 
13a, et 
139, 4,94 
hy 4,97 
ai, 4,99 
10 er, Se 
ih tb tA sheeple 
paw, hcp lafé 
ASF anew) 
{U6. Karp hee 
ilies A Laas) 
14k, be A 
149, $8.2) 
150, Eteicao 
eA §.26 
152, shell) 
1537, 5,31 
154, 2) pi) 
oon 3.436 
Core S.41 
iS, 54d 
159, B46 
140, 5,49 
lole ea) 
162. $,54 
163, lice id 
A460. eh) 
15656 lug tours! 
166.6 S04 
ewe ace 
168, 5.69 
169, tig Lc 
170, 5.74 
ea Pa ig HATE 
en 5.79 
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APPENDIX A3. FEED TABLES(CONT'D), lbs. 


Pig Weight Daily Feed 
OEE 5,87 
Dee de 5.92 
178, 5,95 
179, kent, 
Lau. 6,00 
eae 6,0e 
1Re, 6,05 
1B a. ee. 
{A4, 6,99 
RISES frealie 
Lao. 6,14 
Var. Grell 
Tie: H&.19 
169, S.cc 
199, heck 
191, 6.27 
192, &,ce9 
193, Soe 
194, 6,34 
yO 6,37 
1Qa, 6.39 
197, 6.42 
19R, 6,44 
199, &,46 
2an, h 49 
PAG 6.51 
C0P « &,354 
eu S ey Oat 
end, 6.59 
20 Se 6.61 
206, 6,63 
CD77 6,66 
2048, 6.486 
rei 671 
C10, 6,73 
Blte 6275 
Zier 6,78 
213. & 80) 
214, 6,43 
21S. 6.85 
216, 6,87 
GS 6,94) 
218, 6,72 
219, 6.95 


Och, 6.97 
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APPENDIX A4 


Catheter Implantation Procedure (about 15 minutes) 


ike 


Pig removed from cage to lab in adjacent building. 

Pig secured in sling about 1 m above floor. 

Posterior area of pig washed with disinfectant. 

Disinfection of hands and equipment (speculum, wire). 
Lubricate wire and insert catheter. 

Insert lubricated speculum in vagina to observe urethra. 
Remove catheter with the support wire from the sterile wrap. 
Dip catheter tip in sterile lubricant. 


Slide catheter up urethra. 


. Withdraw support wire and check that urine is flowing. 


Inflate catheter with 25 cc tap water. 
Connect 2 m flexible 10 mm I.D. tubing to catheter outlet. 
Secure the catheter-tubing connection to tail with adhesive tape. 


Return pig to cage. 
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APPENDIX A5 


Journal of Individual Pigs 


A. Events common to all pigs. 


Time Date Remarks 

12:00 23 May Arrival of pigs at experimental site. 
16:00 31 May Switched groups between rooms. 
16:00 9 June Switched groups between rooms. 
16:00 15 June Start of experimental program. 
20:00 28 June 3 cc Penicillum G to all pigs. 
16:00 30 June End of Period I. 

20:00 10 July 3 cc Penicillum G to all pigs. 
16:00 15 July End of Period II. 

16:00 29 July 3 cc Combiotic to all pigs. 
16:00 30 July End of Period III. 

16:00 14 Augt End of Period IV. 


B. Individual Pig Journals. 


Pig Time Date Period Subperiod Remarks 
i 16:00 21 June 1 2 Catheter Implanted. 
Fo200) 15 duly. Z 3 Catheter removed; rectum 
protruding. 
16:00 20 July 3 2 Catheter Implanted. 
Wd 16:00 20 June 1 2 Catheter implanted. 
16:00 28 June 1 3 Catheter removed; rectum 
protruding. 


16:00 10 July Z 3 Catheter Implanted. 


13 16:00 23 June 1 2 Catheter implanted. 
16:00 1 July 2 1 Catheter removed;rectum protruding. 
T6200) > July 2 2 Catheter implanted. 
16:00 10 July (a 3 Catheter removed;rectum protruding. 
16:00 9 Augt 4 3 Catheter implanted. 


14 16:00 20 June 1 2 Catheter implanted. 
7:00 25 June 1 2 Prolapsed rectum;pig and data 
discarded. 
12:00 28 June 1 3 New pig No. 14. 
16:00 1 July 2 1 Catheter implanted. 


he 16:00 23 June 1 2 Catheter implanted. 
16:00 27 July 3 3 Catheter removed;plugged for 6 
hours. 
16:00 4 Augt 4 1 Catheter implanted. 
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Time 


162 
:00 
:00 


16 
16 


16: 
:00 
16: 


05 


00 


00 
00 


Date Period Subperiod 


June 
July 
Augt 


June 
July 
July 


June 


June 
July 
July 
July 
July 
Augt 


June 


June 
July 
July 


June 
July 
July 


June 
June 


June 
July 
July 


June 
July 
July 


June 
July 
July 


Pwr 


WHF Whe 


MHF 


GO RO PM 


PO GW PO 


WW PO 


Wr Ph Po GW PO 


Nh 


Catheter 
Catheter 
Catheter 


Catheter 
Catheter 
Catheter 


Catheter 


Catheter 
Catheter 
Catheter 
Catheter 
Catheter 


Remarks 


implanted. 
removed;blood in urine. 
implanted. 


implanted. 
removed;rectum protruding. 
implanted. 


implanted. 


implanted. 
removed;rectum protruding. 
Implanted. 
removed; rectum protruding. 
implanted. 


Prolapsed rectum;pig discarded. 


Catheter 


Catheter 
Catheter 
Catheter 


Catheter 
Catheter 
Catheter 


Catheter 


implanted. 


implanted. 
removed; rectum protruding. 
impianted. 


implanted. 
removed; diarrhea. 
implanted. 


implanted. 


Prolapsed rectum; pig discarded. 


Catheter 
Catheter 
Catheter 


Catheter 
Catheter 
Catheter 


Catheter 
Catheter 
Catheter 


implanted. 
removed; blood in urine. 
implanted. 


implanted. 
removed; plugged for 12 hrs. 
implanted. 


implanted. 
removed; unknown aliment. 
implanted. 
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APPENDIX B. 


RAW DATA 


Section 


1. 


ae 


Feed Intake (g/subperiod, g/ dekg9-/5 by 
Subperiods and pooled for each period). 


Ration Type; Feed Analysis (protein,dry matter, 
total combustible energy); Nutrient Intake 
(protein, dry matter, total combustible energy). 


Digestible Energy Intake ( kJ/d, kJ/dekg9-/5 by 
subperiods and pooled for each period). 

Metabolizable Energy Intake ( kd/d, kd/d-kg9-75 by 
subperiods and pooled for each period). 

Fecal Analysis (g partially dried/subperiod), partially 
dried moisture content,total combustible energy); Fecal 
Loss (total combusible energy,dry matter). 

Urine Loss ( litres, total combustible energy). 


Liveweight records for each pig. 

Period average daily gains, g. 

Period average body weight, kg. 

Fecal Protein ( %, g/d). 

Urine Protein ( %, g/d). 

Protein Balance ( g/d, kJ/d, kJ /dekg+ 75 by 
subperiods and pooled for each period). 


Protein Gain/Total Gain ( by subperiods and pooled for 
each period). 


Dry Matter,Energy, and Nitrogen Digestiblity ( % by 
subperiods and pooled for subperiods 2 and 3). 
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=) DOIN e 4SLo “SR OO; bte Dae abot vagdu: gi 


~ 
4 


V1 
8097, 
o704, 

(Cs 
6564, 
Sie 
9836, 

10330, 
$0580, 
10700, 
11060, 
11520, 
12310, 


12910, 


FEED, GM/SUB=@PERIND 
12 13 14 15 16 17 18 21 22 23 24 25 26 27 28 
BB27, 8596, °99, 7693, 11330, 11980, 10120, 8912, 9140, 7756, 9689, 11870, 11940, 11440, 9910, 
9099, yeas #99, ye Ane ioe. 10310, ad abies aes 10180, 12660, ta four Ate 
=99), 9099), “99, 10930, 12510, 41900, 13620, 10190, 10080, 9058, 10820, 99, 9930, 12650, 8540, 
9720, F471, 8623, 11780, 12860, 10250, 12900, 10410, 10450, 9222, 11220, “99, 10070, 12990, 10000, 
10318, 10040, 9349, 12540, 10690, 13750, 14270, 10460, 10570, 9380, 11280, =99, 7620, 12730, 10190, 
10900, 10510, 9910, 11619, 12150, 13250, 15610, 19790, 10910, 9730, 11800, 99, 11740, 11160, 11310, 
11250, 10800, 1025n, 19620, 12010, 13170, 16060, 9610, 14260, 10310, 12350, 299 9620, 6710, 13090, 
11260, “99, 10390, 10290, 10520, 7450, 15690, 10780, 11690, 8090, 12990, #99, 7090, 3620, 9780, 
11490, #99, 10769, 10840, 6790, 14820, 17780, 12140, 12160, 11000, 13450, =99, 10970, 11200, 12860, 
12059, 99, 11200, 13690, 13660, 16800, 17960, 12460, 12480, 11510, 13830, =99, 10620, 15470, 14460, 
12800, #99, 11850, 14060, 13630, 15620, 16280, 12640, 12610, 11550, 13950, =99, 14940, 16250, 16100, 
13240, 10360, 12300, 12330, 13360, 14270, 14880, #99, 12850, 11950, 14280, ©99, 14630, 16430, 16360, 
-99., missing data 
* denotes where feed consumed is based on some value other than 
five days 
FEED CONSUMPTION, GM/DAY@eKG,75 

12 13 14 15 to 17 18 2i 22 23 24 25 26 27 28 
0, O's OF Oe On oO. 0, 0, 0. 0. O, 0, 0, 0. oO, 
G8, 0. 0. 9. 0, 0, 97, 0, 0. Oe a 57 131, 0. 0. OF 
0. 100, Oe 138, 137, 124, 129, 103, 102, 102, NOS, 0, 102, 132, 95, 
Os 0. 69, 119, 119, 0. 105, 0. 97, 97, 97, Oe 97, 119, 101, 
0. 97, 96, 126, 99, o. 117, 98, 98, 0, Oo, Os 76, ti 103, 
102, 0. 102, Tilitre 113, 118, 129, 0, Si014); 102, 102, On 0, 103, 5 
98, Oe o7, 99, 105, 106, 116, 0, 94, 94, 93, 0) 0, Oe OF 
9A, o. 9A, 95. 92, 69, 116, 0. 97, Tale 97, Oo, Cr 04 86, 
101, (Ne MON re 0. Oe 120, 13s 102, 101. 101, 101, 0, 97, 102, Si 
92, ie 92, 0. 0, M19) We 98, 98, 97, 98, 0, 86, 120, Nets 
9A, On 9A, AW 107, AIS Welt 100, 99, 97, 98, o, {2i, 126, 128, 
101, 96, 102, 100. 105), 101, 98, 0. 101, 101, 101, 0, 119, 128, 130, 


Appendix B1 


0., missing data 


FEED CONSUMPTION,GM/DAY@KG,75 (Period Means) 


12 13 14 15 16 17 18 2i 22 23 24 28 26 27 26 
Oe  100e My E08, 57, fe, “UiSig SOR (Or Ora Oe WEG 00, eles 95, 
102, 97. Wo Wala Wis Wie Ulvs 98, 99, 100, 99, 0, My 4 Ss 
9°, 0. 99, 97. 99, Of, S65 OAR 98, 90. 97, Q, Chis, WOE 99, 
97, %, 97, 107. 106, Tite 106, 99, 99, 968. 99, 0, 109, 125, 124, 


0., missing data 
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Appendix B2 


BOTH G AND F 


ay 12 13 14 1S 16 7, 16 ei 22 a3 24 25 26 27 28 
G G G G G G M G G G G G G G G - 
G G G G G G F G G G M G G G G 
G G G G M F F M G F M M G 
G G G G G G F F F F G F F F G 
mM F ™ G G F F F F Ff G F F F G 
F F F M M F F F F F 4 Ff F F M 
F F F F F F F F F F F F F F F 
F F F F F F F F F F F Ff F F 
F F F F F F F F F F Ff F fF F 
F F F F F F F F F F F F F F 
F F F F F f F F F F F F F F 
F F F F F F F F F F F F F F F 
PROTEIN FRACTION OF FEED 
11 12 13 14 15 16 17 16 21 22 23 24 r) 26 27 26 
0,1742 60,1742 0,1742 0,0 0.1942 90,1742 0.1742 0,1669 0.1742 O,1742 O,17U2 O,1742 061742 0,1742 0,1742 0,1742 
0.1633 0,1633 0,1633 0,9 0.1633 90,1633 0.1633 0,1669 0,1633 0,1633 0.1633 0,158! 0.1633 0,1633 0,1633 0,1633 
0,1567 9,0 9.1567 9,0 0.1867 0,1567 0.1495 0,1204 00,1204 0.1349 0,1567 0,1204 0,0 06,1495 0,1495 0,1567 
0.1538 06,1838 0,1538 90,1536 0.15368 0,1538 0.1146 0,1146 0,1146 0,1146 0.1538 0,1146 0,0 0.1146 0,1146 0,1538 
0,1600 96,1536 0,1600 09,1656 0.1656 0,1536 0.1536 0,1536 0,1536 0,1536 0.1656 0,1536 0,0 0,1536 0.1536 0,1656 
0,1807 90,1807 90,1807 0,1600 0.1600 0,1807 0.1807 0,1807 0,1807 0,1897 0.1600 0,1607 0.0 90,1807 06,1807 0,1600 
0.1648 00,1648 0,1648 09,1648 0.1648 0,1648 09,1648 0,1648 0,1648 0,1648 0.1648 0,1648 0,0 0,1648 0,1648 0,1648 
0,1682 90,1682 0,0 90,1682 0.1682 0,1682 0.1682 0,1682 0,1682 0,1682 0,1682 0,1682 0.0 0,1682 0,1682 0,1682 
0.1655 0,1685 0,0 0,1655 0.1655 0,1655 0.1655 90,1655 0,1655 0,1655 0,1655 0,1655 0.0 60,1655 0,1655 0,1695 
0.1674 90,1674 0,0 90,1674 0.1674 O,1674 0.1674 0,1674 0,1674 10,1674 0,1674 0,1674 0.0 0,16074 0,1674 0,1674 
0.1504 06,1304 0,0 0.1594 0.1904 90,1304 0.1504 09,1504 0,1504 0.4504 0.1904 0,1504 0,0 0,1504 0,1504 0,1504 
0.1661 0.1661 0,166! 90,1661 0.1661 0.1661 0.1661 0,166) 0,0 0,1661 0,166! 0,1661 0.0 90,1661 00,1061 0,166) 
0., missing data 
DRY MATTER FRACTION OF FEED 
14 12 13 14 15 16 17 i8 21 22 23 24 25 26 27 26 
0,869 0.869 0,869 0.0 0,869 0,869 0,869 0,869 0,864 0,869 0,869 0,869 0,869 0,669 0,869 0,869 
0,867 0,867 0.867 0,0 0,867 04867 0,867 0,863 0,867 0,667 0,867 0,867 0,867 0,867 0,867 0,867 
0,874 0.0 0,874 0,0 0,874 0,874 0,669 0,864 0,864 0,669 0,674 0,664 0,0 0,869 0,869 0,874 
0,880 0.880 0,880 0,880 0,880 0,680 0,875 0,875 0,875 0,875 0,880 0.875 0,0 0,875 0,875 0,680 
0,888 0,887 0,888 0,888 0,888 0.887 0,887 0,687 0,887 0,867 0,888 0,887 0,0 0,887 0,887 0,888 
0,888 0,888 0,688 0,888 0,888 0-088 0,886 0,688 0,888 0,886 09,888 0,888 0,0 0,688 0,888 0,888 
0,868 0.868 0.868 0,868 0,868 0.868 0,868 0,868 0,868 0,868 0,868 0,868 0,0 0,568 0,868 0,668 
0,867 0.867 0,0 0,847 0,867 0,867 0,667 0,867 0,867 0,867 0,867 0,867 0,0 0,667 0,667 0,867 
0,859 0,889 0,0 0,899 0,859 0.689 0,859 0,859 0,859 0,859 0,859 0,859 0,0 0,859 0,859 0,859 
0,858 0.858 0,0 0,898 0,858 0,858 0,856 0.8658 0,858 0,858 0,658 0,858 0,0 0,658 0,858 0,858 
0,674 0.874 0,0 0,874 0,874 0.874 0,874 0.874 0,874 0,874 0,874 0,874 0,0 0,874 0,874 0,674 
0,872 0.692 0,672 0.872 0,672 0.872 0,672 0,872 0,0 0,872 0,872 0,672 0,0 0,672 0,872 0,872 


0., missing data 


109 


tt 


Ya ba ° lige 


s ¥ : ‘ fa | _ 
- . “eo =———— © 
bya 7 we) cir ly 6,4 bet? > 


“Te 
ia. J eh ole +r OR 
’ AT ¥ 
j 1 >> @ Paste, ') tA eof 
® ‘ ‘ Ss 4 i, if 9 Pye * » Fs 
a | ee * 
u > —t? of4 | .* @tele*® ae r 
a) of .¢ geen t<ps a. 


hae , rm 
s @eW 6 gag! © Obei 4 
7 
+ Paint ta i sia? weg 
_ 
= i. but Ceigee Mpab,s Shep ad Be 7 Os 
; 


y 
** t 9? b’e 17 Wore fare ete sites 


é ¥ ‘ ¢" BA ee ole, | | ed hall 
oo ton, %e te Q 
oe ae 
j 7 ny 
ie cee s § ‘ 
i? Se —s = ae + +> » - 
F - “uf oY a re aS ‘/ y 
~ al 5 : - 7 7) 
* ae 4 gt, > 


‘ . o*| s ‘fee , wes ata rae 
yt ba ‘tiers Ge). 
3 Ft o15,¢@ ; 


= 
© 4 »>¢s »s spe wie, 9 8 


§  ¢a be 5,2 «8 
a ww. ids t aa, 
ite ln ‘os, 
tie eg (0 ate 5 ta 
ie cthio, 4 q. Live i ag; = S 


Yv,0 tte tet GPO Rie eee 


12 
30a, 
297, 

0. 
299, 
31%, 
394, 
371. 
379, 
380, 
4o3, 
365, 


440, 


0., missing data 


Oe 
A714, 
1830, 
1936, 
1953, 
1952, 
1974, 
2068, 
2237, 
2309, 


FEED PROTEIN, 


GMsDAY 


Appendix B2 


0., missing data 


13 14 15 16 17 18 21 22 23 24 25 26 27 28 
299, 0, 268. 395, 417, 338, ##310, 318, 270, 338, 414, 365, 399, 345, 
0. 0. 0. o, 0. 344, 0, 0. Onn Seen ais, 0, 0. 0, 
267, Oo, 341. 392, 339, 328, 257, 286, 283, 261, M5 80, 3004 205. 
291, 265, 362, 396, 235, 296, 239, 240, 284, 257, Oe St emu ed On mmnns Obie 
ye, EI MS RA ES RE, RE, Ea Oey 240us SO) eS3i, 
HOO6 5 ve, OD, tO, RAI, 00GB EKG a 0, 424, 403, 362, 
SSocue SS8e7 S50 SOS Usd | S290) Sis) S728 Sdoe  a07. O} mm SAii/eun te elfen Skee 
O, 8605 SRG 00, BG, BAG, 8GHG Shs 9h, wikide i BS WR BI 
On 354, 399, 225, 491, 589, 402, 402, 364, 4us, 0, 363, 371, 4ee, 
One S7Sipe 45000 4570 Seon Ses 4i7 aia ses. 46s) Gy BHO, Gilg Mich, 
M 605 Gau5 TNO, Give, O05 B05 84400, 47, Geo, 0. 449, 469, ued, 
oy ee be YY 2 YY 0, Wer, 397, 474, 0, 466, 546, S44, 
FEED DkY MATTER,GM/DAY 
13 14 15 16 17 18 21 22 23 24 25 26 27 28 
1494, 0. 1337. 1969, 2082, 1759, 1540, 1989, 1348, 1684, 2063, 1919, 1986, 1722, 
Ore 0. 0. 0, 0. 1760, 0, 0. Oy  SRORG Ge 0, 0, 0, 
I Ale 0, 1878, 2139, 1900, 2354, 1743, 1710, 1552, 1870, 0, 1691, 2189, 1626, 
1667, 1518, 2073, 2263, 1794, 2258, 1622, 1829, 1623, 1964, 0, 1762, 2275, 1760, 
1783, 1660, 2222, 1896, 2439, 2531, 1856, 1875, 1666, 2001, O6 8/75 GEEG6 NOLO, 
1667, 1760, 2082, 2188, 2353, 2808, i916, 1938, 1728, 2096, 0, 2085, 1982, 2009, 
1875, 1779, 1844, 2085, 2266, 2788, 1668, 1958, 1790, 2144, OS O70. NGS cee, 
0. 1802, 1769, 1624, 1292, 2721, 1869, 2027, 1403, 2252, 0, 1229, 626, 1696, 
0, 1838, 1662, 1167, 2546, 3055, 2086, 2089, 1890, 2311, 0, 1685, 1924, 2209, 
0. 1922, 2349, 2344, 8883, 3013, 2138, 2142, 1975, 2373, 0, 1622, 26055, 2430, 
0. 2071, 2488, 2383, 2730, 2846, 2209, 2204, 2019, 2436, 0, 2612, 2844, 28644, 
1807, 2156, 2180, 2330, 2489, 2595, 0, 2241, 2084, 2490, 0, 2551, 2865, 2857, 
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Appendix B2 
g ENER FEED M 

at fe 13 14 15 16 Vid 18 21 22 23 24 2s 26 27 28 
S723 meno 2S Se Se Oo SvESa Weis Wes WEES iin RA. Bin, “SYA, Br, WW BS ree 
rales, eT Sie, le AG AER AON RA ANC AT AW SAS S714, 3714, 3714, 3714, 
S793'. Oe 3793, Ol SR eC AC Ae US i ENR Bh A/Ce M5 284s EEG Bees 
Soles ole, NSole ee sola SB te WMG GEM, CNG NER RCI, EN BY OS Ol S ps Ola gm SO lier. 
3800, 3780, 3800, 383A, 3ASB8, 3784, 3784, 3784, 3764, 3764, 3838, 37864, 0, 3784, 3784, 3838, 
DME WG RWG VE, BIR Ee, SRR VER CRASS SUG ROR fh/sGq WA RAI ERIE eR 
3820, 3820, 3820, 3820, 3820, 3820, 3820, 3820, 3820, 3820, 3620, 3820, O, 3820, 3820, SBe0, 
3806, 3806, 0, 3806, 3806, 3806, 3806, 3806, 3806, 3806, 3806, 3806, 0, 3606, 3806, 3806, 
SUS te selon OF SiS, Seis, Sots, Sols, Sel5, S615, 3815, Sols, 3615. Cy S815, Sells ee Sato. 
3814, 3814, 9, 3614, 3814, 3814, 3814, 3814, 3814, 3614, 38:4, 3614, QO, 3614, 3614, 3834, 
3840, 3846, 9. 3840, 3840, 3840, 3840, 3840, 3840, 3840, 3840, 3840, 0, 3840, 38640, 3840, 
3647, 3847, 3847, 38649, 3R47, 3847, 3847, 3847, 0, 3847, 3847, 3647, 0, 3847, 3847, 3847, 


0., missing data 


FEED ENERGY,KJ/DAY 
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11 12 13 14 15 16 17 18 21 22 23 2u 28 26 27 26 
25201, 27473, 267834, 9, 23904, 352604, 37287, 31899, 27738, 28448, 24140, 30156, 36945, 34361, 35606, 30844, 

0, 28252, o. %, 0. O, 0, 32348, Ok f, 0. 31702, 39308, 0, On o, 
26651, 0, 28504, 0, 33951, 38591, 34360, 42995, 31746, 30955, 28015, 34156, 0, 30595, 39612, 29325, 
29054, 30976, 39182, 27480, 37541, 409BS, 32691, 4142, 33201, 33329, 29389, 35784, 0, 32117, 4iU30, 31868, 
31253, 32631, 31895, 29997, GO3UR, 33817, 43497, 45142, 33089, $3457, 30096, 35683, 0, 24738, 40270, 32695, 
32255, 34035, 32817, 310608, 36397, 37938, U1373, 49306, 33691, 34066, 30910, 36845, 0, 36658, 34847, 35457, 
33787, 35927, 34490, 32734, 33915, 38354, 42059, 51288, 30690, 36023, 32925, 39440, 0, 30722, 21429, 41803, 
34045, 35827, 0, 33059, 32485, 33473, 23705, 49923, 34300, 37195, 25741, 41332, 0, 22559, 11518, 31116, 
35274, bbe, 0, 34126, 34572, 21696, 47266, 56706, 38719, 38762, 35083, 42897, 0, 34987, 35721, 41015, 
36732, 36421, 0, 35711, 43691, 43555, 53567, 55990, 39729, 39793, 36700, 44097, 0, 33662, 49326, 45149, 
39518, 41091, 0, 38041, 451360, 43756, 50144, $2263, 40577, 4OUB1, 37078, 44783, 0, 47961, 52166, 51665, 
41520, 42561, 33319, 39751, 39684, 42967, 45894, 47855, 0. 41327, 38432, 45926, 0, 47051, 52840, 52680, 


SO n—n— — — —_—_— 


0., missing data 


NIGESTIALE ENERGY,KJ/sDaY 


Appendix B3 


11 12 13 14 15 16 17 18 2 22 23 2u 25 26 27 28 
0. 06 a. . 0. 0, 0. 0. 0. 0, 0. 0, 0, 0, 0. 0, 
0, 20947, Oe Ny o. 0, 0, 19198, Ol 0, 0, 27005, 29631, 0. 0, 0, 
21084, 0, 24204, 9, 26161, $1086, 26401, 28621, 26859, 25508, 22393, 27400, 0, 24248, 34084, 22800, 
24906, 0. 0. 2310M, 30691, 33451, 0. 32354), 0, 26014, 21989, 27230, 0, 24916, 31453, 2U936, 
25360, 0, 25447, 25471, 32489, 26323, 0, 33666, 26392, 26047, 06 0. 0, 19550, 30614, 23023, 
24938, 26839, 0. 25786, 29762, 32336, 31640, 36968, 0, 26004, 23045, 28220, 0. 0, 26631, QO, 
0, 27640, 0. 26196, 2686, 29721, 31955, 39574, 0, 29495, 27166, 33677, 0, 0, Of, 0, 
27106, 27936, 0, 25002, 25323, 25926, 18460, 37102, 0, 30004, 20573, 32756, 0, 0, 0, 24752, 
26643, 28394, 0, 26692, 0. 0, 36223, 43245, 30518, 30704, 28143, 34557, 0, 27905, 26896, 31760, 
31064, 32037, 0. 29644, 0. 0, 44042, 44008, 30977, 31390, 28703, 33858, 0, 25575, 36354, 34173, 
32466, 32uau, O. 31579, 36183, 35301, 39752, 40830, 31330, 32192, 28635, 34443, 0, 38762, 40543, 38669, 
33019, 33123, 26548, 31378, 30365, 34496, 35399, 36890, 0, 32254, 29620, 36015, 0, 35812, 40898, 39736, 
pa a i a i SS Sa ah PE ge Bare al eek ace oct nied Ps 
0., missing data 
DIGESTIALE ENERGY, KJ /DAYeKG,75 
11 $2 13 14 15 16 17 18 21 22 23 24 25 26 27 26 
Ue %. Os %, 0. 0, 0. 0, 0. 0. 0. o, 0, 0, 0. 0, 
One Gre 0. 9. on 0, 9, 908, Ole 0. Op tebe. tos. 0, 0. 0, 
1232, Omni S 361 Dene GSH OST MlS 7.7/1 S 55pm SS Onn Leone leben mmtelidi M5 S75 SG WAG, 
1220, 0. Oe SHES S49, W5S0i5 Oe sorts M5 Sebel MEGe Me 0, 1206, 1444, 1257, 
1242, Opeleesa 1510 16595 0) Leek On “ively TieG qo, 0, o, 0, 946, 1415, 116%, 
NE {UES Ge tien, L502, NS00R  1asi7/. 151%, Oy THOR Waa ete Oo. Onmeteesic 0, 
0. 1299, Gey MeSiey teS5,) 1300,, tee 1459) Ope lizedn feds lees. 0. 0. Ole 0, 
1240, 1222, Oi, STGM5 TICE, RIE 175 SEG 0, 1249, 941, 1228, 0. 0, 0. 1085, 
1219, 1242, 0. 1260, 0. 0, 1464, 1594, 1277, 1278, 288, 1288, 0, 1239, 1311, 1392, 
1226, 1224, @>5 WEN. 0. Q5 SERA OCMA fieeeS REE Seth vee Cee LOST 1490p 1359). 
1262, 241, 0, 1299, 1467, 1369, 1411, 1339, 1236, 1263, 1208, 1214, One (Stee 15755. 1545), 
(503 COONS S eo Les gut SSO pn leslie mre Us 0, 1266, 1249, 1270, 0, 1452, 1989, 1580, 


0., missing data 


DIGESTIALE ENERGY, KJ/DAVeKG,75 (Period means) 


1 12 13 14 15 16 17 18 21 22 23 24 25 26 27 26 
1232, 1126, 1336, 0, 1684, 1697, 1377, 1130, 1358, 1293, 1262, 1265, 1537, 1247, 1745, i262, 
1228, 1281, 1225, 1276, 1563, 1424, 1417, 1402, 1233, 1209, 1163, 1195, 0, 1076, 1363, 1209, 
1230, i224, O, SRRS, Rely Teva SIGS AOR evidg SUERG eho eto, M5 ee SSS yb. 
1270, 1240, 1233, 1270, 1349, 13973, 1410, 1330, 1229, 1253, 1223, 1226, (6 TSBG TENG Wn, 


0., missing data 
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METABOLIZABLE ENERGY, KJ/DAY 


Appendix B3 


14 15 16 17 18 21 22 23 2a 25 26 27 28 
0, 0. on on 0. 0, Oy, 0, Oe Ol, 0. 0, 0, Op 0. Mr 

9, 19821, O. 0. Oo. 0, 0, 18619, 0, 0, 0, 26068, 28312, 0. 0. 0. 
20011, 0, 23494, MN, 25104, 29547, 25519, 279862, 25765, 24408, 21224, 26510, 0, 23206, 32546, 22009, 
230837, 06 0, 22076, 29610, 31900, 0, 31646, 0, 24973, 21021, 26515, 0, 24173, 30267, 23928, 
24533, M, 24800, 2448B, 31364, 25436, 0, 32847, 25558, 24751, 0. 0, 0, 18607, 29413, 22153, 
24108, 25973, 9. 24556, 28566, 31487, 30779, 35907, 0, 24827, 21902, 27212, Os 0, 25347, 0, 
0, 26653, 0, 25029, 25923, 28457, 30796, 38325, 0, 28546, 26315, 32663, o, 0. O. 0, 
26243, 20643, 0, 23761, 240A4, 24651, 17321, 35606, 0, 26642, 19635, 31534, 0, 0, 0, 23965, 
25640, 27370, 0, 25631, o. 0, 35164, 41738, 29462, 29542, 27225, 33207, 0, 27106, 28000, 30872, 
29914, 30892, 0, 28309, 0. 0, 42357, 422ii, 29629, 29722, 27667, 32619, 0, 24651, 36889, 32892, 
31149, 31223, 0, 30131, 34876, 34093, 38160, 39227, 30133, 30458, 27631, 33106, 0, 37282, 38972, 37413, 
31670, 31698, 25387, 29748, 28839, $3080, 33524, 35072, 0, 30279, 26612, 34884, 0, 34227, 39442, 38100, 

0., missing data 
METABOLIZABLE ENERGY, KJ/DAY@KG,.75 

it 12 13 14 15 lo 17 18 21 22 23 24 25 26 27 28 

Os On Cs 0, On 0, Oo. 0, O, 0, O. 0, o, Oo, 0. o, 

0, 1065, on %. (Ns ‘on 0. 860, 0, 0, 0, 1212, 1468, 0, 0, Oo, 
1169, 0, 1296, Oy “G65 AGNs SRI, WSR, NGA 8, NS. Nour. 0, 1193, 1666, 1218, 
1168, 0. o, 1138, 1495, 1480, 0. 1292, Oy MWIEOG WG, mi. 0 TUN AB9M5 Hr. 
1202, oO; 219e, 259, 15a5, 11800), 0, S805 TNR sUNeer 0. 0, 0. DOj ee Soil 
1184, 121%, 0, 1263, $442, $489, 1370, 1466, On Asse, LS ive 0, M5 SVC Oo, 
0, 11666 0. 1182, 1209, 1205, 1245, 1413, 0, 1189, 1204, 1225, 0. 0, 0. 0, 
1201, 1165, ny Wie, RS, HOWE, 70a WIE Qq SIRO, ONE Ghee, 0. Os 0, 1051, 
1174, 1197, i WEG, 0. 0, 1421, 1539, 1233, 1230, 1246, 1245, O, 1204, i270, 1353, 
1161, 17%, 0. 1169, Oo, 0, 1504, 1384, 1168, {166, 1167, 1150, 0, 999, 1433, 1308, 
1230, 1193, 0, 1249, 1414, 1342, 1355, 1266, 1188, 1195, 1166, 1167, 0, 1512, 1514, 4487, 
250 tei iT teed e169.) S0U 1190s 1150), On TGR 5 NAG ABO, 0, THEE, TORN, itt 


rT 


missing data 


08, 


METABOLIZABLE ENERGY, KJ/DAYeKG,75 
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i  ———————— D 


M1 ce 13 14 iN} 16 17 18 2i 22 23 24 es 26 eT? 28 
1169, 1068, 1296, Oo, 1567, 1613, 1331, 1102, 1302, 1237, 1196, 1222, 1466, 1193, 1666, 1216, 
1164, i211, $194, 1219, 1507, 1373, 1370. VAC SWIC Sea SEI aura 0, 1040, 1302, i161, 
1167, ito. 0, $171, $166, 2861, 1122, 1421, 1233, 1204, 1116, 1217, 0, 1204, 1270, i202, 
NERO; FtOGG SRNR aOR ucts AS20,  LISO slender sree LOSS hO0, | 1182), 0, 1300, 1489, 1437, 


0., missing data 
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Appendix B3 
FECES, GM/SUB=PERIOD (Partially dried) 

1 12 13 14 15 16 17 18 21 22 23 24 25 26 27 28 
“99, 999, "99, 299, «99, #99, 699, 999, 099, «99, 299, «99, «99, 099, 099, 99, 
My CCK 299, 299, 299, #99, =99, 3747, #99, =99, “99, 1483, 2817, =99, #99, o99, 

2812, 99, 1944, “99, 3084, 3973, 4246, 4i55, 1614, 2576, 2608, 2214, ©99, 3284, 2540, 2957, 
1197, 1520, 1460, 1270, 1923, 2232, 1840, 2341, 2130, 2050, 2068, 322, 99, 1923, 2722, 2141, 
1724, 1800, 1923, 1343, 2280, 2086, 2480, 3139, 18669, 2068, 1349, 1970, 999, 1415, 2703, 2685, 
2143, 2050, 1660, 1542, 1868, 1760, 2812, 3647, 2120, 2268, 2232, 2431, 99, 1720, 2341, 99, 
2130, 2364, 2010, 1887, 1972, 2428, 2808, 3260, 1660, 1860, 1656, 1648, “99, 1720, 1090, 2310, 
1664, 2172, 99, 2212, 1956, 2028, 1412, 3430, 1780, 1996, 1444, 2424, 999, 1220, 650, 1820, 
2390, 2250, 99, 2025, 1990, 1100, 3000, 3620, 2275, 2225, 1900, 2375, =99, 1965, 1870, 2490, 
1560, 1735, 299, 1770, 2280, 2380, 2625, 3320, 2405, 2325, 2185, 2820, =99, 2260, 2970, 2940, 
1955, 2355, =99, 1869, 2400, 2290, 2820, 3060, 2530, 2255, 2300, 2770, =99, 2455, 3150, 3390, 
2374, 2540, 1895, 2310, 2530, 2400, 2840, 2990, 99, 2470, 2410, 2790, =99, 3090, 3300, 3530, 
-99., missing data 
DRY MATTER FRACTION UF FECES ; 

1 12 13 14 15 Jo 17 18 21 22 23 24 25 26 27 28 
0,0 0.0 0,0 0,0 0.0 0.0 0,0 0.0 0,0 0.0 0.0 0.0 0,0 0,0 0,0 0,0 
0,0 0.918 0,0 0,6 A) 0.0 0,0 0,863 0,0 0.0 0,0 0.878 0,907 0,0 0,0 0,0 
0,979 0.0 9.910 0,0 0,971 0.874 0,950 0,864 0,950 0,967 0,937 0,848 0,0 0,850 0,907 0,962 
0,972 1,000 1,990 0.973 0,975 0,880 1,090 0,875 1,000 0,924 0,966 0,959 0,0 0.964 0,953 0,846 
0,927 1,000 0,860 0,934 0,918 0,867 1,090 0,887 0,953 0,951 1,000 1,000 0,0 0,937 0,914 0,959 
0,942 0,981 1.009 0,930 0,936 0,888 0,896 0,888 1,000 0,958 0,940 0,949 0,0 1,000 0,957 0,0 
1,000 0.910 1,000 0,921 0,922 0,868 0,932 0,868 1,000 0,941 0,946 0,949 0,0 1,000 1,000 1,000 
0,945 0,930 0.0 0.965 0,958 0,867 0,951 0.867 1,000 0,950 0,955 0,943 0,0 0.950 1,900 0,948 
0.906 0,914 4,0 0,932 1,000 14.000 0,932 0,859 0,916 0,943 0,944 0,933 0,0 0,931 0,929 0,927 
0.936 0,949 0,0 0.928 1,000 14000 0,910 0.858 0,927 0,923 0,935 0,935 0,0 0,906 0,937 0,931 
0,960 0.984 0,0 0.984 0,956 0,874 0,951 0.874 0,946 0,967 0,949 0,970 0,0 0,963 0,960 0,970 
0.958 0.965 0,947 0,944 0,939 0,872 0,955 0,872 0,9 0,950 9,940 0,938 0,0 0.930 0,913 0,944 


0.0, missing data 


FECAL DRY MATTER,GM/DAY 


11 12 13 14 15 16 17 18 21 22 23 24 25 26 27 28 

0, Oy 0. , 0, 0, 0. Oo, 0, 0. Or 0, 0. 0, 0. 0, 

0, 393, Oils 0. 0. 0, Gy te 0, 0. Qe BAG GHA 0, 0. 0, 
303, Oe 282. Oe 428, 386, uusB, 716, 287, Bits 305, 375, 0, 349, 288, 356, 
B33. WS0G. F292, “24%, FSTS. S93, CA368, 40410, 2b, ~ 379, 800, “G45, 0, 37%, 519, 362, 
Te, Oe esa “TESHIGe “CNA Eg Rg i Gh Jeli 268, 394, Ne AGG HOG SN 
MOSHE SOC S72) eee SSO cms iseu 04s C485, 824, ASS, 9 4205 408s 0, $344, 448, 0, 
426, 430, 402, 348, 364, 422, 523, S66, 332, 350, S14, S13 0. 344, 218, 462, 
356, 40d. 0, 42%, 375. 352, 269, 595, 356, 379, 276, 457, O, a T8605 eI 
Thay CE 0, 377, 398, 220, 559, 622, 417, 420, 359, 443, 0, 366, 347, 4ee, 
292, 329, 0, 329, 4S, 476, 478, S70, 4do, 429, 409, 527, O, 005 Seva Sorc 
375, 44%, 0, 358, 489. 400, 536, S35, 479, 436, 437, S37, 0, 473, 005, 658, 
a55, 490, 359, 436, 475. 419, SW2. S52. 0, 469, 483, $23, 0, 575, 603, 666, 


0., missing data 
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GROSS ENERGY IN FECES, CAL/GM 


Appendix B3 


oN! 12 13 14 15 16 17 18 21 22 23 24 25 26 27 28 
0. 06 0. 0, 0, OF 0, 0. 0, On 0. 0, 0. 0, 0, o, 
0, 4081, 0. 0. 0. 0, OQ, (OO, 0, 0. 0, 3788, 4109, 0, Ove 0, 
4262, Na 2VvlOn 0, 4230. 40607, 4036, 4138, 3867, 4O47, 4126, 3650, 0, 3699, 4165, 4223, 
4145, 0. 0. 4118, 4201, 4058, 0, 4491, 0, 4268, 4280, 4407, 0, 44479, #4385, 3873, 
4089, O. 4YOL1L, 4031, 4194, 42e7, 0, j%44373, 4312, 4275, 0. 0, 0, 4386, 4185, 4309, 
4068, 4199, 0. 4097, 4249, 3807, 4055, 4060, 0. 42eSi, 4215, 4244, on 0, 4198, (*)/5 
0, 4193, 0. 4144, 4270, 4283, 4304, 4296, 0, 4198, 4160, 4183, 0, 0, 0. 0, 
4406, 4346, 0. 4357, 4361, 4451, 4443, Yur, 0, 4310, 4261, 4231, 0. O. 0, 41864, 
4320, 4367, Oi, CEG 0. 0, 4403, 4448, 4312, 4343, 4369, 4301, 0, 431l, 4364, U44ue, 
4346, 4402, 0. 4100, 0. 0, 4354, 4317, 4353, 4323, 4378, 4343, 0, 4386, 4419, 4uee, 
4315, 4372, 0. 4156, 4462, 4416, 4408, 4469, 4372, 4397, 4391, 4465, 0, 4462, duiu, 4522, 
4283, 4uSu, u27u, 4337, 4392, 4222, 4ued, 4387, 0, 4394, 4374, 4eu9g, 0, 4351, 4329, 4366, 


0., missing data 


FECAL ENERGY, KJ/DAY 


ie 13 14 15: 16 17 16 21 22 e3 24 25 26 27 28 
0. 0. , 0. 0, 0, 0. 0, 0, Oe 0, 0, oy; 0. 0, 
7304, 0, 0, 9, 0, 0, 13150, 0, 0. 0, 4696, %677, Oe 0. O. 
9, 4300, 0, 7790, 7505, 7959, 14374, 4887, SWu7, S622, 6756, 0, 6347, 5528, 6525, 
0. 0. 4372, 6880, 7572, 0, 6789, 0, 314, 7399, 8555, 0, 7201, 9978, 6932, 
0. 644A, 4526, 7889, 7494, 0, 11476, 6737, 7391, 0. Oe, 0, 5188, 9457, 9672, 
7196, 0. 5281, 6635, S601, 9533, 12379, 0, 8060, 7865, 6625, 0, 0, 6216, ‘or 
8287, 0, 6537, 7039, 68633, 10104, 11714, 0, 6328, 5759, 5763, Ov 0. 06 0, 
7691, 0. 8057, 7131. 7546, 8245, 12821, 0, 7192, 5168, 6874, 0. 0, 0, 6366, 
8252, 0, 7434, 0. 0, 11043, 13461, 8201, 8078, 6940, 8540, 0, 70862, 6822, 9255, 
6388, 0. 6067, Ole 0, 9555, 11962, 68752, 8403, 7997, 10239, 0, 8267, 10972, 10977, 
8608, 0. 6462, 8983, 8484, 10392, 11432, 9247, 8289, 8443, 10340, 0, 9199, 11624, 12816, 
9498, 6771, 98375, 9289, 8471, 10494, 10966, 0, 9073, 8813, 9911, 0, 11240, 11943, 12943, 


0. missing data 
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0., missing data 
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M1 12 13 14 15 16 17 18 21 22 23 24 25 26 27 268 
#99,00 ©99,00 =99,00 =99,90 =99,00 ©99,00 99,00 =99,00 299,00 <a Sn ea OA =99,00 °99,00 559,00 
15,30 12,20 4,30 =99,00 5.60 22,80 6,20 5.50 4.60 42,70 32,19 13,70 21,40 7,20 36.10 11,70 
25,50 ©99,00 8,50 99,90 13,49 27,20 8,60 6,50 19,80 100,00 99,60 12,80 =99,00 14,10 55,10 19,70 
58.00 =99,00 =99,00 18.90 15,20 31,50 «99,00 6,30 ©99,00 41,80 29,90 8,50 =99,00 6,60 24,70 25,10 
45,60 299,00 20,50 17,50 12,00 21,70 -99,00 11,00 24,60 31,60 ©99,00 =99,00 =99,00 17,90 27,70 21,50 
46,10 18,60 299,00 21,20 14,00 33,00 32,30 15,90 ©99,00 36,40 36,10 20,90 =99,00 299,00 31,40 =99,00 
299,00 25,30 99,00 23.50 10.40 23,80 27,00 11,90 99,00 57,86 51,40 9.30 =99,00 999,00 399,00 =99,00 
13,20 21,90 =99,00 13,90 8.70 19,60 23,90 10,30 #©99,00 41,30 27,60 12,00 ©99,00 =99,00 699,00 10,80 
37.20 14,60 ©99,00 14,80 =99,00 -99,00 22,10 12,10 14,60 48,60 48,30 17,10 99,00 10,70 28,10 13,70 
54,30 16,30 -99,00 73,00 =99,0u0 99,00 32,20 12,00 11.40 20,50 11,60 15,20 =99,006 10,20 31,60 11,40 
79,50 15,30 =99,00 86.70 10.00 15,80 28,20 10,80 7,80 46,10 ao) NERO Coe shi) SAS) ShyeKel hard) 
67,40 18,50 22,40 49,80 12.10 18,70 29,00 11,60 =99,00 13,00 8,30 10.70 ©99,00 12,80 37.40 14,10 
-99., missing data ae 
URINE ENERGY,KJ/DAY 
i 1e 13 iu 15 16 17 16 ei 22 23 24 2s 26 27 28 
C;,. es Ole (Ove OS 0, 0, Fy 0, 0. 0. oO, 0, 0, 0. 0, 
0. 1126. Oe 0, 0. ove Cr 579, 0. On lo Oa — SOR 0. Oe 0, 
1073, 0. 710. Qe WORK, IER 882, 639, 1094, 1101, 1169, 890, 0, 1041, 1538, 139 is5 
1069, o, 04 NOS. OON. TAG. J, Woe 05 (OMNR 0605 iit On 743s) MGM 1008, 
827, 0. bub, 983, 1096, 887, 0. 819, 793, 1296, Oe 0, 0, 742, 1400, 870, 
Ti Oe 868, i, WHO, SUBS 879, 1060, 1081, 0, 1179, 144, 1008, 0. Oo, 1284, Ol 
0, 987, Qi TMICRZG 992. 1265, 1159, 1249, 0, 949, 851, 1014, Os 0, 0. 0, 
863, 1293, 5 SEO Hes OG eR kre 0, 1362, 938, 1220, 0, 0. 0. 767, 
996, i024, Ge NOS 0. 0, 1060. 1507, 055, 1162, 916. 1150, 0, 800, 898, B68, 
1149, 1235, Oo. 1335, 0. 0, 1655, 1797, 1348, 1668, 1036, 1239, Ol 924, 1465, 1260, 
1317, 1260, 0. 1448, 1308, 1208, 1592, 1603, 1197, 1734, 1004, 1337, O45 WES TRAY V5, 
1349, 1428, 1161. 1628, 1526, 1446, 1875, 1817, On 1975. 10085) isi), 0. £565.) 1756, 637% 
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APPENDIX B4. 
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RECORDED LIVEWEIGHT (lbs) FOR EACH PIG. 
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Jone fl 


Aug 1 146 


165 
WZ 


5) 
3 
7 
9 169 
| 
3 
4 168 


13] 
135 
139 
14) 
139 
139 
140 
140 
143 
144 
145 
148 
155 
160 
165 
170 
173 
V7. 
Wed, 
176 


25 
130 
133 
136 
140 


133 
133 
142 
145 
148 
154 
155 
160 
162 
160 


158 
165 
170 
168 


143 
136 
138 
143 
148 
150 
154 
161 
163 
we) 
176 
176 


209 
210 
213 
216 
Zale 


73 
69 
ie) 
76 
82 
82 


85 


165 
167 
170 
Wl 


60 
60 
62 
66 
67 
68 
70 


154 
\S7 


82 


79 
8] 


68 
68 
70 
13 
HE 
80 


67 
66 
70 
69 
76 
78 


158 
161 
164 
165 


131 
134 
130 
nas) 
133 
142 
148 
148 
PSY 
157 
160 
164 
168 
170 
ibs} 
id 


59 
60 
64 
65 
69 
he 
is 


program 


adjustment 


program 


experimental 


SisrrrsrnrrnrerrrrT en nn nn nn ee 


* estimated weights used for calculating amount of feed. 
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PERIOD AVERAGE DAILY GAIN,GM/DAY(CALCULATED OVER 


Appendix B5 
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n SUBePERIODS 2 AND 3 


M1 12 13 14 15 16 iM? 16 21 22 23 24 2s 26 27 28 
3ei, 393, 419, #99, 7P7, 649, 560, 679, 839, 646, 796, bus, 794, 790, 872, 507, 
725, 907, S78. 758, 688, S528, 1024, 1164, 476, 363, 381, #734, =99, 400, 666, S26, 
429, 418, =99, 376, 433, 299, 396, 626, 775, 699, 783, 729, #99, 816, 1002, 924, 
539, 508 950, 608, 1017, 1098, 907, 649, 442, US3, Su7, SUT, 99, 602, 798, 587, 

-99., missing data 
Appendix Bé 
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PERIOD AVERAGE WEIGHT, KG,CALCULATED OVER B8UB/PERIOOS 2 AND 3 


0., missing data 


1 12 13 14 15 16 17 16 21 22 23 24 2s 26 27 26 
Ga, 49,3 47,6 =99.0 SORT 48,3 51.3 36,5 53,5 S35 46,3 59,8 51,7 52,3 $2,6 47,4 
SSO So GS) 1 S25 SS G0O0 0) OS Gn 7 le eS9, 5 9959.9 9 508 66,20 = 99,00 156.7 M60, 6) 6S 3in7 
61,1 60.9 99,9 58.6 59,6 66,9 72,1 61.5 68,8 69,3 61,1 79,7 °99,0 63,6 61,8 64,7 
Moh Wher SO6D Wal Whe Whe Bay Oder VOGu DRAG (Goat Gs CCOEM W/O OGG iar 

-99., missing data 

Appendix B7 
PROTEIN FRACTION OF FECES 
11 12 13 14 ie} 16 ibn 18 21 22 23 24 25 26 27 26 

0,0 0,0 0,0 0,0 0,0 0,0 0.0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
0,0 0.1943 0,0 0,0 0.0 0,0 0.0 0,2089 0,0 0,0 0,1621 0.2039 0,0 0,0 0,0 
0,2087 6,0 0,1593 0,0 0.1981 0,1741 00,2272 0,2027 0,1898 0,1655 0,2056 0,1588 0,0 0.1703 0,1662 0,2003 
0,1642 0,0 0,0 0,1615 0,1837 0,1708 0,0 0,2155 0,0 0,1999 0.2044 0,1937 0.0 0.2072 0,2158 0,2256 
0,1894 6,0 0.2084 0,1642 0.1890 0,1908 0,0 0,2223 0,1978 0,1946 0.0 0,0 0.0 0,1993 0,2151 09,2126 
0,1698 9,186! 0.0 0,1524 0.1941 0,1787 0,5697 0,2110 0,0 0,1974 0.2121 0,1692 0.0 0,0 0.2000 0,0 
0,0 0,1938 0,0 01,1607 0.2145 0,2033 0.2137 0,2263 0,0 0,1797 0.1615 0,1727 0.0 0,0 0,0 0,0 
0,2056 9,1884 0,0 0,17855 0.1972 0,2084 0.2095 0,2268 0,0 0,1504 0,1699 0,1469 0,0 0,0 0,0 0,1669 
0,1851 0,2050 0,90 09,1945 0.0 0,9 0.2025 90,2255 0,1687 0,1748 0,1693 0,1679 0.0 0.1783 0,1868 0,2027 
0.1825 06,1959 0,0 0,1643 6.0 0,0 0.2110 0,2133 0,2052 0,1911 0.2019 0,1866 0,0 0,2087 0,2064 0,2266 
0.1440 60,1806 0,0 0.1519 0.1854 0.1776 0.1895 0,2035 0.1918 0,1667 0,1614 0,1899 0,0 0.1978 0.1912 0,2100 
0.1474 6.1889 6.1973 0,1637 0.1777 0.1566 0.1860 0,1999 0,0 0,1940 0,2015 0,1911 0.0 0.2035 0,1983 0,224} 

0.0, missing data 

FECAL PROTEIN,GMsDAY 

ese AB a a a 

11 ie 13 {4 15 16 17 16 ai 22 23 24 25 26 27 28 

0, 0. on 0, 0. 0, 0, 0, 06 0, 0. 0, 0. 0, Oh 0, 

0, 83, 0. 0. 0. 0, 0. 157, 0. 0, 0. 46, Sn 0. Oo. 9. 

64, 0. uu, 0. 67. Alo = WO, §=— SWS 57. 53, 67, 7.0% 0, 70, 53, 74, 

39, 0. 0. uy, 1. Jo, 0. 1ot, 0. 82, 85. 90, 0, 80, ate 97, 

65, 0. 80. 4a, 8s, 80, 0%, 140, v4, 80, 0, 0, 0, 56, 116, 114, 

81, 7b. 0. 47, 73. 63, 107, 184, 0. 90, 95, 92, 0. 0. 94, 0, 

0, 92, Oe 61, 8S, 99, 120, 148, 0. 67, 60. Bia 0. 0, 0-6 Oo, 

77, ay, 0. 78, Vike 85, 59, 156, 0. 60, 49, Tits 0. 0. 0. 61, 

66, 92. 0. 74, 0. 0, i2i. 163, bo, 78, 64, 50, Oo, 70, 70. 101, 

37, os. 0. 58, re 0, $11, 142, 99, 89, 68, 105, 0, 94, 123, 133, 

50, as, 0. 5?, 69, 61, 107, 125, 97, 73, 63. 105, 0, 97, 120, 142, 

70, 9%, 1S. 76, 00, 75, 106, 120, Che 96, 97, 107, (He 126, USiiy 156, 
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0., missing data 


Appendix B7 

ee ene ee CRO ETN OER CON, a a. eee eee ee ee eee ee ee eee 
11 12 13 14 15 16 17 16 at 22 23 24 25 26 27 28 
0,0 0,0 9,0 0,9 0.0 0,0 0,0 0,0 0,0 0,0 0.0 0,0 0,9 0,0 0.0 0,0 
4,00 6,41 5.08 0,0 SDD) 3,70 7,30 ieee 3,77 1,03 10 4,75 4.28 4,81 1.65 3,29 
2.66 0,0 5.55) 0,10 Fe S SHS 6 9, 7 Tha) SHO\g SMS 9:77 SIO ls 7 Cm (9. Sim 4/90 Samm Oi) Boi flab) AE 
Noell 00 0.0 Hae CAE Ase 5 PoO Wat avs Paes Sas qe aoe ake Bal 
1,26 0,0 eet9e 32900) 6. 54h ie, Aan 10 5,17 2,24 2,83 0,0 0,0 0,0 Ags) sist ath 
Nats  aieeei = Gao 4.03 5.93 1,85 2,28 4,72 0,0 Bay Bae Bek Oat 0,0 2,64 0,0 
0,0 el 0.0 3,45 6.36 3,69 2.98 y¥,29 0,0 1,14 he ibs Von 0,0 0,0 0,0 0,0 
4,54 4,10 0,0 6.20 9,89 4,52 3,31 10,09 0,0 2,29 2,36 7,06 0,0 0,0 0.0 5,06 
1,86 4,87 0.0 4.98 0.0 0,0 3,33 8.65 5,02 1,66 1,32 4,67 0,0 5,19 2.22 4,50 
1.47 5,26 0.9 oe? G50 0,0 3.57 10,40 6,21 5,65 6,20 5,66 0,0 6.29 3,22 7,80 
1,15 SeTi2 0.9 1,16 9,08 esi es Oe ee CO -1-) 7,48 7,66 6,15 0.0 5.94 3,09 7,66 
1,39 5.35 3,60 oie 8.76 Spe? 4,49 10,88 0,0 10,55 8,43 7,34 0,0 8,60 3.26 8,06 

URINE PRUTRIN,GM/DAY 
1 12 13 14 15 16 17 16 21 22 23 24 25 26 27 26 
oO, 0. 0. 0. 0. 0, 0, 0, 0, 0. 0. Oo, 0, 0, 0. 0, 
Jy  NEAe 0. O. 0. 0, 0. 80, 0. 0. Og M0, WOE, Oe 0. 0, 
149, Oe 99, 0, suite 214, tee, 89, TS2 153, 162, ied, 0, 145, 214, 110, 
148, %e rp WH, SCG rl O. 98, Oy {WEG 858. 99, 0 N08, DGBp sO, 
115, 0. Oe, WG. ia Tye On TG TOG EO, 0. 0, OQ, 0H 205 ey 
OIF. 120, Ole AG 166, 122, 147, 150, 0, 164, 159, 140, 0, 0, 176, 0, 
Oa Welac Ge UGAp swe tog 116, oe Oy ey se wl, Oo, 0. Ol O. 
120, 180, Oy HUDy ye, Wilts MSU, coos U6 TD FIO IGG as 0, M5 005 
138, 142, On lar. 0. O, Why BOI Mie Oi Te8q 800, Oa MEG TIS, BE 
160, 171, Oe 168, O. Oo, 230, 250, 187, 232, 144, vere 0. 128, 204, 176, 
WOR, aie On) 20fen tae,  e8, eel. sees, 166, 2d, 139. 186) Ga 0G, PMO— dec 
Ne, OK 165 Aes, ce. Gm, POW_e ~ Phe Qo chia Wao NSi/- 0, 220, 244, 227, 
0., missing data 
PROTEIN BALANCE »GM/DAY 

a 
11 12 13 14 15 16 17 16 21 22 23 24 25 26 27 26 
0, 0. 0. Qa Ole On Gon 0, 0, 0. 0. 0, 0, 0, 0. Oo, 
0, 58, Gre (Ne 0. 0, 0, 107, 0, 0. 0. 144, 15) 0. 0. 0, 
S72 Oe tau Me. dots 80a Oe Ti. a7, 80, 54. 67, 0. 86, 123, 114, 
93, O» 0. 81, 12, 110, 0. 96, 0. {3, 65. 68, 0, 48, 16, D\g 
135, ie ets WEA Malo Brie 05 Woe fBt/r 64, 0. 0, 0. 81, 80, 102, 
185, 197, 0. 99, 133. 284, 225, 267, O, 14%, By eG 0. 0, 131, 0. 
0, 1426 0. 118, 133. fai, 153, 206, 0, 1735 “161. 209. oO, 0. 0. 0, 
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PROTEIN RETENTION, KJ/DAY@KG,75 
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0.0, missing data 
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12 13 14 V3 16 17 18 2i 22 23 24 2s 26 27 28 
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Appendix B9 
DRY MATTER DIGESTIBILITY 
a a ee ee ee eee 
11 12 13 14 15 16 17 18 21 22 23 24 25 26 27 28 
0.0 0.0 0,0 0.0 0.0 0.0 0,0 0,0 0,0 0.0 0,0 0.0 0.0 0,0 0,0 0.0 
0.0 78.1 0.0 0.0 0,0 020 0.0 63.7 0.0 0,0 Me) O86 1564 0,0 0,0 0.0 
79,5 0.0 84,0 0.0 77,2 82.0 76.4 69.5 83,8 61,8 80,3 79,9 0,0 79,4 66,8 78,1 
85.5 0.0 0,0 83.7 81,9 82.6 Oa)  TMae) On WRB al ea OA pO Shige ao 
81,7 0.0 81,8 864.9 84,4 80,5 0.0 78,0 60,8 79,0 0,0 0,0 GoM OBO5 Pla Mas 
78,0 79.9 Ay CRIA CRAM CL | WAS Wii) OO S17 6m Sint Te R0 0,0 0,0 77,4 0,0 
9,9 78.0 9,0 80.5 80,3 79.8 Titel Tei 0,0 82,1 62,5 65.4 0,0 0,0 0,0 0.0 
80,8 79,3 9,0 76,3 70,A 80.7 7942 781 OO Mee GO68  WOqi 0,0 0,0 Os Way 
vise Wane QoQ Tho) 0,0 0.0 78,0 79,6 80,0 79,9 81,0 80,8 0,0 80,6 61,9 79,1 
85,2 64.1 Oa BARD 0.0 On GRe Wet TORo BOs WORE  7A7a0 O60 io YOO fas 


62.6 79.9 9,0 82.9 61,3 83,2 BO,4 81,2 78,3 80,2 78,4 78.0 0,0 61.9 78,7 76,6 


Toc Gute ;Ge BOetagn 79.6 7779 625078, 2 019.9 Oo 79st 7653 790 Oh ON 7)7/ «15 7.95 OME'T.6 617) 


0.0, missing data 


DRY MATTER PIGESTIBILITY (Period Means) 


M1 12 13 14 15 16 17 18 21 22 23 24 25 26 27 28 
VOGS  — SAfst! 84,0 On Alor Bo Gis is OG eGR One gS /RTP a IS Eiai 
81,7 79.9 81.5 84.0 62,1 82.9 78.6 78,9 80,8 78,6 75,6 Tisai 0,0 79,9 17,6 75.5 
79,0 78,8 0,0 Van Wes Bice Wass V5 OKO Oat Eilat) GRAG 0,0 80.6 81,9 79.4 
82,5 80.9 80,3 81.8 Rise GPa DO GOeik Wo? Wei git vGar .0 79,0 78,9 76.9 


0.0, missing data 


ENERGY DIGESTIBILITY 


11 42 13 14 15 1o 17 18 21 22 23 24 es 26 27 28 
0,0 0.0 0,0 0.0 0,0 0.0 0.0 0,0 0,0 0,0 0,0 0.0 0,0 0.0 0,0 0.0 
0,0 7a,1 0,0 9,0 0,0 0.0 0,0 59,3 0,0 0,0 0,0 65.2 Petal 0,0 0,6 0.0 
79,1 0.0 64,9 0.0 Leal 80.6 76.8 66.6 84,6 82,4 79.9 80,2 0,0 79,3 66,0 77.8 
85,7 0.0 0,0 84.1 a1,8 81.5 0,0 78,6 0,0 78,1 TU Barred O50 fs 38D AG 
B1,1 9.0 79,8 84,9 80,4 77.8 0,0 74,6 ¥9%,6 das 0,0 0,0 0,0 79,0 76,5 70.4 
Titres 78.9 0,9 83.0 81,8 88,2 77,0 74.9 0.0 16,3 eT GO ete 0,0 0,0 76,4 0.0 

0,0 76.9 0,0 80.0 79,2 77.5 76,0 yee 0.0 61,9 82,5 85.4 0,0 0,0 0,0 0,0 


79,6 78,0 0,0 75.6 78,0 79.5 77,9 74,3 Gnd tle Woes) Ades 0.0 0,0 MA WelaS 
x wiles MQ VWelor 0,0 Oa Won WOo8 Won eR GORE “clu! O50 V5 ORO AAU 
84,6 83.4 0,0 83,0 0.0 0.0 82,2 78.6 78,0 78,9 78,2 76,8 Oo@ sae  Uiol) — Tai 
82,2 79.1 0,0 83.0 60.2 80.7 79,3 78s1 77.2 79,5 77,2 76.9 On O050 sie See 


cc RO) SOR SI Ca ah O40 We yeh wot On We) shia Sali 


0.0, missing data 


(Period means on next page) 
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Appendix B9 


ENERGY DIGESTIBILITY (Period means) 


0.0, missing data 


77,0 76,0 79,6 77,4 74,7 7o,3 0,0 76.3 76,3 74,3 
77.6 77.5 0,0 78.0 78,6 7¥.5 76,8 75,9 78,8 60.6 80,9 61.6 0,0 79,8 80,9 78,8 
62,1 60.3 79.7 MV ai? 76.4 80,5 79,5 17,9 77,6 78,8 ko 77,4 0,0 77,5 77,6 75.4 
PROTEIN DIGESTIBILITY 
ih 12 13 14 15 16 17 16 21 ee 23 24 25 26 27 26 
0,0 0.0 0,0 0.0 0,9 0.0 0,0 0,0 0,0 0,0 0,0 0.0 0,0 0,0 0,0 0.0 
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APPENDIX C 


ANALYSIS OF VARIANCE 


Section 

1. Feed Intake. 

2. Metabolizable Energy Intake. 
3. Average Daily Gain. 


4. Protein Retention Rate (Subperiods 1-3 pooled). 


5. Protein Retention Rates (Subperiods 2 and 3 pooled). 


6. Protein Gain/ Total Gain 

7. Dry Matter Digestibility. 

8. Energy Digestibility. 

9. Nitrogen Digestibility. 

10. Temporary Weight Change. 

11. Temporary Fecal Output Change. 


Note: Only F values significant at P<0.01 have been 
in Appendix C. 
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APPENDIX Cl. 


Source of 
Variation 


Group (G) 
Feed (F) 
G*F 
Hogs(H)/G*F 
Periods (P) 
p *G 

F 
G*F 
H/G * F 


+ + 


P 
LE 
iE 


Total 


d. 


1 


DAILY FEED INTAKE, g/kg2-75. ANALYSIS 


OF VARIANCE. 


fF. Sums of Squares 


0.8237 
2629. 5088 
11.5940 
117 0R 1695 
676.9877 
m1 82 L633 
458.9740 
531.4528 
P55 IROO LD 


PS oy ao Co 


Mean Square 


0.8237 
2629.5088 
11.5940 
97.5141 
225.6626 
L72e7241 
15229913 
177.1509 
50.3114 


Fcealc 


27.0 
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APPENDIX C2. DAILY ME INTAKE, kJ/kg2-75, ANALYSIS 
OF VARIANCE. 


Source of dit. Sums of Squares Mean Square’ Fcalc 
Variation 

Group (G) 1 847.45 847.45 

Feed (F) 1 219809. 76 219809.76 14.20 
ce te le if 1004.74 1004.74 
Hogs(H)/G*F 12 135/817 1 15481.81 

Periods (P) 3 66865.21 22288 .40 

Bae G 3 70811.58 23603 .86 

ae hy 3 45476.82 15158.94 

ote Xe) ee 2) 50844 .09 16948.03 

Pie / Gas beens 314115.87 1OI325 77, 

Total 58 955557.24 
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APPENDIX C3. DAILY GAIN, g/kg®-75, ANALYSIS 
OF VARIANCE. 


Source of dete Sums of Squares Mean Square’ Fcalc 
Variation 

Group (G) 1 21930.88 21930.88 

Feed (F) 1 219280.80 219280.80 12.86 
Geter 1 16000.25 16000. 25 
Hogs(H)/G*F 12 204477 .88 17039.82 
Periods (P) 3 18938.03 6312.68 

PateG 3 1078708.93 359569.64 15.42 
pede 3 41940.52 13980.17 

PaXe Gar et 3 84222.14 28074.05 

Pave (Gat ere 30 699494 .31 23316.48 


Total D7 2384993. 7/6 
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APPENDIX C4. 


Source of 
Variation 


Group (G) 
Feed (F) 
G*F 


Hogs(H)/G*F 
Periods (P) 


Pp *G 
p*F 
pP*G*F 
p x 


H/Geae 


Total 


DAILY PROTEIN RETENTION, KJ/kg2*75, ANALYSIS 


OF VARIANCE (SUBPERIODS 1 - 3 POOLED). 


de tre Sums of Squares Mean Square 
1 1925.03) 1925.631 
1 2859.181 2859.181 
ik SW AS ewer As 3/60.275 
fa 9805.852 817.154 
3 14817.348 4939.116 
3 25778.248 8592.749 
3 3021.091 1007 .030 
3 4209.814 1403.271 
at 23948.979 772.548 
58 86742 .4202 


Fcalc 


6.39 
11.12 
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APPENDIX C5. DAILY PROTEIN RETENTION, KJ/kg9+/5, ANALYSIS 
OF VARIANCE (SUBPERIODS 2 AND 3 POOLED). 


Source of date Sums of Squares Mean Square’ Fcalc 
Variation 

Group (G) iL 800.460 800.460 

Feed (F) 1 2699 .684 2699 .684 

Gaare i 612.446 612.446 
Hogs(H)/G*F 12 12019.652 1001 .638 
Periods (P) 3 20679.579 6893.193 8.12 
Bae 3 23277 .832 7159.27 7, 9.14 
Paar 3 23325009 (dee Oe 

Pear et 3 6468 .824 21565275 

Page tty eet baer 26312.803 848.800 
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APPENDIX C6. 


Source of 
Variation 


Group (G) 
Feed (F) 
Gx Fr 
Hogs(H) /G*F 
Periods (P) 
PaaeG 
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RATIO OF PROTEIN GAIN TO TOTAL DAILY GAIN. 


ANALYSIS OF VARIANCE. 


Gest 


— 
Rew WWWD RP Re 
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58 


Sums of Squares 


0.019796519 
0.004320254 
0.000182653 
0.026667532 
0.090776566 
0.047067457 
0.003913129 
0.017723174 
0.096385718 


0.306833001 


Mean Square 


0019790519 
0.004320254 
0.000182653 
0.002222294 
0.030258855 
0.015689152 
0.001304376 
0.005907725 
0.003212857 
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APPENDIX C7. 


Source of 
Variation 


Group (G) 
Feed (F) 
G*F 
Hogs(H) /G*F 
Periods (P) 


d. 


1 


Mm WwW WWWNHYR re 


3 
58 


DRY MATTER DIGESTIBILITY, %. ANALYSIS 


OF VARIANCE (SUBPERIODS 2 AND 3 POOLED). 


ie Sums of Squares Mean Square 
4.7176 4.7176 
30.3046 30.3046 
0.2835 OF2835 
135.0019 135.8619 
1.6934 0.5645 
128.9267 42.9756 
10.1041 3.3680 
9.0415 3.0138 
161.5133 5.2101 
482.4466 
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APPENDIX C8. ENERGY DIGESTIBILITY, %. ANALYSIS 
OF VARIANCE (SUBPERIODS 2 AND 3 POOLED). 


Source of dois Sums of Squares Mean Square’ Fcalc 
Variation 

Group (G) a 22.8395 22.8395 

Feed (F) 1 215.1501 215.1501 

Gette 1 Ah ON, 4.7737 
Hogs(H)/G*F 12 520.0743 43.3395 

Periods (P) 3 109.2151 36.4050 

Pe=1G 3 472.2813 Love4 271 11.36 
4 eae 3 10.6374 3.5458 

PeteGaa f 3) 67.4214 22.4738 

Pah / Gok eh——3 b 429.5690 1520571 


Total 58 1851 .9610 
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APPENDIX C9. PROTEIN DIGESTIBILITY, %. ANALYSIS 
OF VARIANCE (SUBPERIODS 2 AND 3 POOLED). 


Source of dats. Sums of Squares Mean Square’ Fcalc 
Variation 

Group (G) 1 5.9846 5.9846 

Feed (F) 1 178.9420 178.9420 

Gane ks 1 Seul4 3.7174 
Hogs(H)/G*F 12 672.6138 47.7178 

Periods (P) 3 52.5250 17.4413 

P *G 3 328.0175 109.3392 7.10 
Pee 3 14.0995 4.6998 

Pax Gare 8 70.5061 23.0020 

Pexet/ Geter aol 441.3679 14.2377 


Total 58 1667.5727 


v 


LgeT e397 Hi gTONM 
S2Gus) MALAY 40 


+=. _ 
Mens. 
'% A 
. a. - 
~ 
4 
‘5 a a 
’ 4 
* 
a 
i) 
. é - 
oP am 
Rx 
“ 4 ‘ 
pi a 
‘ <+- 
- Sie ee a 
& 
| 
> 


APPENDIX C10. 


TEMPORARY WEIGHT CHANGE, kg. ANALYSIS 
OF VARIANCE(RESTRICTED AND AD LIBITUM 
FED PIGS). 


ee 


Source of dest. 


Variation 


Sums of Squares Mean Square 


Fcealc 


nr pen senor nenoeenppesinenenenanig ees 


Group (G) 1 
Feed (F) 1 
Gara 1 
Hogs(H)/G*F 12 
Periods (P) 3 
PaseG 3 
3 
| 
1 


i; 8 
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TEMPORARY WEIGHT CHANGE, kg. ANALYSIS 


0.000407 
0.000036 
0.0 
9.658688 
36.450757 
73.189599 
2.480443 
12.356058 
41.282411 


175.418392 


0.000407 
0.000036 
0.0 
0.804891 
18.225378 
36.594799 
1.240222 
6.178029 
29.948744 


OF VARIANCE( RESTRICTED-FED PIGS ONLY). 


Source of d.f. 


Variation 


Group (G) 
Hogs(H) /G*F 
Periods (P) 
Pea G 

P= H/G * F 


OMrNMAr- 


Total 19 


Sums of Squares Mean Square 


30.914084 

5.453180 
2bevo/ 920 
86 .808663 
20.339564 


172.453410 


30.914084 
0.908863 
14.468960 
43 404332 
2.259952 
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APPENDIX Cll. TEMPORARY CHANGE IN FECAL OUTPUT, kg. ANALYSIS 
OF VARIANCE(RESTRICTED AND AD LIBITUM-FED PIGS). 


re ee 


Source of eure Sums of Squares Mean Square’ Fcalc 


Variation 

Group (G) I. 0.0000568 0.0000568 

Feed (F) 1 0.0000013 0.0000013 
Gear 1 0.0000035 0.0000035 
Hogs(H)/G*F 12 21.4988398 1.7915700 
Periods (P) 3 1.0503513 055251756 

Pex5G 3 31.5848757 15. 9243/39 12,0 
Pik 3} 4.5154701 Ze) 1350 

Pee Grae 3 1.5046077 0.7523039 

2) 58 TAG 8 eS RH 224075847 1.3180932 

Total 58 82.5617909 

TEMPORARY CHANGE IN FECAL OUTPUT, kg. ANALYSIS 

OF VARIANCE(RESTRICTED-FED PIGS ONLY). 

Source of ete Sums of Squares Mean Square’ Fcalc 
Variation 

Group (G) { 2.9400746 2.9400746 
Hogs(H)/G*F 6 55812417 0.9302069 
Periods (P) 2 6.8862806 3.4431403 

P *G 2 31.4756064 150737 303 Gee ot 
Pie / Gare oS 5.4408613 0.6801077 

Total 19 523240645 
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For use with Figure 11. Sample problem using overlay 
shown in Appendix A1. 


Return to rear cover of thesis. 
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